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FOREWORD 

'X.. 

The  purpose  of  Uhs^  ^^^ppendix  is  to  present  an 
inventory  of  existing  land  resources  in  the  Missouii  River 
Basin  and  their  use.  and  to  analyze  the  availability  and 
adaptability  of  the  resources  for  satisfying  future 
requirements.  - * _ , 

To  fulfill  these  objectives,  the  Land  Resources  Avail- 
ability Work  Group  divided  this  appetidix  into  five 
chapters.  These  chapters  cover  ( I ) a general  description 
of  the  basin’s  resources.  (2)  the  current  ownership  and 
management  patterns  of  the  basin  lands,  (3)  a classifi- 
cation and  inventory  of  the  land  resources,  (4)  pro- 
jections of  future  potentials  and  capabilities  for  the 
various  classes  of  land,  and  GS)  estimates  of  probable 
shifts  in  land  use  and  management  which  will  be 
necessary  to  achieve  the  goals  of  framework  planning. 

Acreage  data  are  assembled  for  each  subbasin.  This 
data  forms  the  basis  for  the  surface  areas,  both  land  and 
water,  in  terms  of  acres  utilixed  in  the  basin  and 
subbasin  studies.  In  this  analysis,  multiple  use  of  the 
land  and  water  rcsouiccs  is  considered,  l-or  purposes  of 
this  appendix,  multiple  use  means  the  use  and  manage- 
ment of  all  surface  and  subsurface  lesources  in  the 
combination  that  will  best  meet  the  piescnt  and  future 
needs  of  the  American  people.  The  term  may  be  applied 
to  areas  of  land,  areas  of  water,  or  to  other  resources. 
When  applied  to  land  areas,  it  refers  to  the  various  uses 


accomplished  through  protection  and  management  of 
the  resources  on  a given  land  unit.  These  include  water, 
timber,  forage,  crops,  wildlife,  recreation,  and  minerals. 
When  applied  to  water  areas,  it  refers  to  uses  that  may 
be  made  of  the  water  surface  itself,  or  to  water.used  for 
recreation,  fish  and  waterfowl  habitat,  irrigation, 
municipal  and  industrial  water  supply,  domestic  pur- 
poses. livestock,  or  scenic  beauty. 

The  area  of  the  subbasins  and  areas  of  land  and  water 
were  derived  from  I960  U.  S.  Bureau  of  Census  data. 
The  I06.S  land  ownership  was  compiled  using  informa- 
tion from  Federal  and  .State  agencies,  including  the 
Conservation  Needs  Inventory.  The  1965  land  use  was 
developed  from  information  from  the  Federal  and  State 
agencies,  including  the  Agricultural  Census  of  the  U.  S. 
Department  of  Commerce,  Agricultural  Statistical 
Reports,  and  the  Conserva'ion  Needs  Inventory  of  the 
U.  S.  Department  of  .Agriculture. 

The  Standing  Committee  on  Compiehensivo  Basin 
Planning  for  the  Missouri  Basin  Inter-Agency  Committee 
assigned  the  preparation  of  this  appendi.x  to  the  Work 
Groui)  on  Land  Resources  Availability.  During  the 
course  of  the  study,  the  Work  Group  assigned  work  to 
.seven  task  forces.  They  were  composed  of  selected 
lepiesentatives  from  Federal  and  State  agencies  con- 
cerned with  major  hind  resources  of  the  basin. 

The  Organization  Chart,  figure  I.  shows  the  com- 
posiiion  and  stiucture  of  the  Land  Resources  Avail- 
ability Work  Group  and  its  task  forces. 
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CHAPTER  1 


BASIN  DESCRIPTION 


PHYSIOGRAPHY 

The  Missouri  River  drains  a total  of  about  529,350 
square  miles  in  the  United  States  and  Canada.  While  the 
Missouri  River  itself  does  not  cross  the  International 
Boundary,  there  are  about  9,715  square  miles  in  Canada 
drained  by  its  tributaries.  Within  the  United  States,  the 
Missouri  River  Basin  comprises  one-sixth  of  the  contigu- 
ous area  of  the  Nation.  It  includes  all  of  Nebraska;  most 
of  Montana,  North  Dakota,  .South  Dakota,  and  Wyoming; 
about  one-half  of  Kansas  and  Missouri;  about  one-fourth 
of  Colorado  and  Iowa;  and  a small  part  of  Minnesota. 

In  this  Appendix,  the  Missouri  River  Basin  includes 
all  of  the  Missouri  River  drainage  in  the  United  States. 
That  portion  of  the  basin  lying  in  Canada,  the  Great 
Divide  Basin  in  Wyoming  (a  hydrologically  closed  basin 
on  the  divide  between  the  Missouri  River  Basin  and 
the  Colorado  River  Basin),  and  several  smaller  non- 
contributing areas  along  the  basin’s  boundary  were  ex- 
cluded. With  the  exclusion  of  these  areas,  the  basin 
contains  about  513,295  .square  miles  or  nearly  329  mil- 
lion acres  of  land  and  water  (table  I). 

Boundaries 

The  basin  is  an  elongated  area  lying  diagonally  from 
the  northern  Rocky  Mountains  to  the  Ozark  Plateaus  and 
includes  all  or  parts  of  10  states.  Its  western  boundary 
coincides  with  the  Continental  Divide  from  northern 
Montana  to  the  headwaters  of  the  South  Platte  River 
west  of  Colorado  Springs,  Colorado.  From  this  area,  the 
southern  boundary  of  the  basin  extends  east  a<'ross  the 
Great  Plains  of  Colorado  and  Kansas  and  through  the 
northern  portion  of  the  Ozarks  in  Missouri,  to  a junction 
with  the  Missouri  River  on  the  Mississippi  River  flood- 
plains.  This  portion  of  the  basin  boundary  follows  a 
series  of  rather  well  defined  divides  between  the  drainage 
of  the  Arkansas  River  on  the  South  and  the  South  Platte, 
Smoky  Hill,  and  Kansas  rivers  to  the  north. 

The  northern  boundary  of  the  ba.sin  extends  from 
the  Continental  Divide  in  Glacier  National  Park,  north- 
easterly to  and  thence  easterly  of  Crosby,  North  Dakota. 
Tlie  boundary  then  continues  in  a southeasterly  direction 


Table  1 - DRAINAGE  AREA,  MISSOURI  RIVER 
BASIN,  UNITED  STATES  AND  CANADA 


Location 

Square 

Miles 

Thousand 

Acres 

Missouri  River  Drainage  Area,  Canada 
to  Mississippi  River  near  St.  Louis, 
Including  Non-Contributing  Areas. 

529,350 

338,784 

Drainage  Area  in  Canada 

9,715 

6,218 

Drainage  Area  in  the  United  States, 
Including  Non-Contributing  Areas 

519,635 

332,566 

Non-Contributing  Areas  Along  the 
Basin  Boundary  in  the  United 
States  Not  Included  in  the 
Study:' 

Great  Divide  Basin  and  Contiguous 
Areas  on  Sweetwater  River 
Drainage  and  in  North  Platte 
River  Drainage  in  Vicinity  of 
Rawlins,  Wyoming. 

4,160 

2,663 

Smoky  Hill  River  Drainage, 
Colorado  and  Kansas. 

180 

115 

Tributaries  North  of  Garrison 
Reservoir,  North  Dakota 

300 

192 

Tributaries  of  James  and  Big 
Sioux  Rivers,  North  and 
South  Dakota. 

1,700 

1,088 

Total  Non-Contributing 
Areas 

6,340 

4,058 

Basin  Land  and  Water  Area 

513,295 

328,508 

^Aruiis  within  givun  w.itorsheds  that  do  not  contribute  dircctlx 
to  surface  runoff.  Area  figures  are  approximate. 


to  the  Junction  of  the  Missouri  and  the  Mississippi  rivers. 
Along  this  latter  portion  the  basin  boundary,  the  drain- 
age divide  follows  the  crest  of  a number  of  landforms 
between  tributaries  of  the  Missouri  River  on  the  west 
and  the  Souris,  Red,  and  Mississippi  rivers  to  the  north 
and  east. 

General  Description 

Elevations  in  the  basin  vary  from  high  mountain  peaks 
of  14,000  feet  above  mean  sea  level  and  high  mountain 
passes  of  1 1 ,000  feet  in  the  Rocky  Mountains  througli 
foothills,  plains,  and  river  bottomlands  to  about  450  feet 
mean  sea  level  at  the  mouth  of  the  Missouri  River  near 
St.  Louis  (figure  2). 

Tlie  mountainous  areas  of  the  basin  are  generally  com- 
posed of  hard  crystalline  and  sedimentary  rocks  with 
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granite  predominating.  In  the  geologic  past,  these  rocks 
have  been  sculptured  by  ice  and  water  to  produce  the 
rugged  peaks  and  steep-sided  valleys  which  form  the 
alpine  topography  seen  today.  Erosion  tends  to  be  stow 
in  these  areas  and  the  mountain  streams  do  not  generally 
carry  large  silt  loads. 

A large  portion  of  the  Missouri  Basin  is  composed  of 
plains  and  prairies.  These  areas  are  underlain  by  sedi- 
mentary rock  formations  consisting  predominantly  of 
clays,  shales,  silts,  sands,  and  sandstones.  Such  areas 
erode  much  more  readily  than  the  oldei  and  more  con- 
solidated rocks  of  the  mountainous  areas.  Large  sections 
are  covered  by  recent  deposits  of  unconsolidated  glacial 
till,  sand,  gravel,  silts,  and  clays  left  behind  by  the  con- 
tinental glaciers  and  the  long-term  effects  of  wind  and 
water. 

Most  of  the  soils  in  the  basin  have  developed  under  a 
grass  cover.  Major  exceptions  are  the  soils  of  the  moun- 
tainous areas  where  forests  have  been  the  predominant 
vegetation.  Over  the  basin,  many  kinds  of  soils  are  found 
with  wide  variations  in  profile  characteristics  and  use 
capabilities.  Zonal  soils  occupying  various  parts  of  the 
basin  include:  the  Brunizem  soils  of  eastern  Kansas  and 
Nebraska,  Iowa,  Missouri,  Minnesota,  and  extreme  south- 
eastern South  Dakota;  the  Chernozem  soils  in  a zone 
that  extends  from  eastern  North  and  South  Dakota 
through  central  Nebraska  and  Kansas;  the  Chestnut  soils 
in  northern  Montana,  western  North  and  South  Dakota 
and  Nebraska,  and  northwestern  Kansas;  the  Brown  soils 
in  eastern  Montana  and  Wyoming  and  northeastern 
Colorado;  the  Sierozem  soils  in  the  intermountain  basin 
and  in  the  high  dry  plateaus  in  northwestern  Wyoming; 
and  the  Podzolic  soils  in  the  forested  areas  of  the  Rocky 
Mountains  in  western  Montana  and  Colorado  and  the 
Ozark  Plateaus  in  Missouri. 

Physical  Divisions 

Three  distinguishable  major  physical  divisions  charac- 
terize the  basin  as  delineated  in  figure  3.  Tlte  Rocky 
Mountain  System  occupies  1 1 percent  of  the  basin;  the 
Interior  Plains  86  percent;  and  the  Interior  Highlands 
three  percent. 

Tire  Rocky  Mountain  System  consists  of  the  moun- 
tainous areas  that  form  the  western  boundary  of  the 
watershed  in  Montana,  Wyoming,  and  Colorado.  This 
area  is  characterized  by  alternating  prominent  mountain 
ranges,  intermountain  basins,  and  relaMvcly  wide  valleys. 
Elevations  range  from  about  4,500  feet  to  more  than 
14,000  feet  above  sea  level.  Minor  tributaries  have  steep 
gradients,  and  channels  generally  are  ’‘V”-shaped.  The 
streams  commonly  flow  through  steep  canyons  before 
they  reach  the  more  level  topography  of  the  plains  where 
stream  gradients  lessen. 

Portions  of  four  provinces  of  the  Rocky  Mountain 
System  are  within  the  basin.  These  provinces  aie  the 


Northern  Rocky  Mountains,  Micdle  Rocky  Mountains, 
Wyoming  Basin,  and  Southern  Rocky  Mountains.  The 
Wyoming  Basin  province  interrupts  the  continuity  of  the 
Rocky  Mountain  System.  This  basin  extends  across  the 
Mountain  System  between  the  Middle  Rocky  Mountains 
and  Southern  Rocky  Mountains  provinces. 

In  the  Wyoming  Basin  the  Continental  Divide  has  no 
distinct  connecting  crest.  Here  lies  the  Great  Divide  Basin 
from  which  no  drainage  reaches  the  sea.  The  term  “Great 
Divide  Basin”  is  used  chiefly  in  a hydrographic  sense  for 
the  area  of  internal  drainage  of  about  4,1 60  square  miles 
in  extent  (table  I ).  The  floor  of  the  Wyoming  Basin  is 
characteristically  similar  to  a plateau  and  is  continuous 
with  the  Great  Plains  through  broad  openings  between 
mountain  ranges.  The  basin  includes  extensive  areas  of 
plateau  parks  supporting  mixed  grasses  and  shrubs.  This 
basin  is  used  mainly  for  fall,  winter,  and  spring  grazing. 

Three  Rocky  Mountain  provinces  include  extensive 
areas  of  coniferous  forests  and  intermingled  mountain 
parks  supporting  mixed  grasses  and  shrubs.  There  are  a 
number  of  intermountain  valleys  between  the  mountain 
masses.  These  areas  are  used  mainly  for  grazing,  but  some 
have  been  developed  into  rich  farm  lands.  The  Rocky 
Mountain  portion  of  the  basin  is  a primary  source  of 
water  fo'  the  Missouri  River  and  many  of  its  tributaries, 


Rocky  Mountains 
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FIGURE  3 

PHYSIOGRAPHIC  DIVISIONS,  PROVINCES, 
SECTIONS,  AND  SUBSECTIONS 
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physiographic  SUBSECTION. 

DASHED  LINES  REPRESENT  BOUNDARIES  POORLY  KNOWN. 
HIGHLY  GENERALIZED  OR  NOT  CLEARLY  DEFINED 


Throughout  their  length,  the  Rocky  Mountains  accumu- 
late tremendous  reserves  of  snow  from  which  originate  a 
high  percentage  of  spring  and  early  summer  stream  flows. 

The  Great  Plains  province  consists  of  a large  area 
between  the  Rocky  Mountains  on  the  west  and  the 
Central  Lowlands  province  on  the  east.  The  following 
subdivisions  are  used  for  the  purpose  of  describing  the 
province:  (1)  Glaciated  Missouri  Plateau,  (2)  Unglaciated 
Missouri  Plateau,  (3)  Black  Hills,  (4)  High  Plains,  (5) 
South-Central  Loess  Hills  section,  and  (6)  Central  Kansas 
Rolling  Plains. 

Tlte  Glaciated  Missouri  Plateau  is  a broad  expanse  of 
cntly  rolling  topography  extending  eastward  from  the 
Rocky  Mountains  across  northern  Montana  and  includ- 


ing those  portions  of  North  Dakota  and  South  Dakota 
lying  north  and  east  of  the  Missouri  River.  Stream  dis- 
section and  drainage  are  not  well  established  except  in 
areas  adjacent  to  the  Missouri  River  and  along  some  of 
its  larger  tributaries.  Local  drainage  is  chiefly  into  pot 
holes,  small  intermittent  lakes,  and  a few  larger  perma- 
nent lakes. 

Tlie  Unglaciated  Missouri  Plateau  comprises  the  broad 
lolling  area  west  of  the  Missouri  River  in  North  and 
South  Dakota.  It  also  includes  most  of  the  eastern  half 
of  Montana  and  northeastern  Wyoming.  Numerous  small 
hilly  areas,  buttes,  and  hogbacks  have  elevations  higher 
than  the  general  level  of  the  plains.  While  the  area  as  a 
whole  is  rolling  and  rather  thoroughly  dissected  by 
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Great  Plains 


streams,  tliere  arc  small  nearly  level  areas  on  the  stream 
divides.  A few  relatively  large  areas  of  gently  rolling 
relief  are  scattered  thronghont  the  region.  Badlands 
and  canyon  areas  occui  along  the  White  River  in  South 
Dakota.  Little  Mi.ssouri  River  in  Noith  Dakota,  and  in 
the  plains  adjacent  to  the  Missouri,  Yellowstone,  and 
Powder  rivers  in  Montana  and  Wyoming.  The  Black  Hills 
section  13  an  cihptical-shapcd.  mountainous  area  about 
60  miles  wide  and  I2.*i  miles  long  in  western  South 
Dakota  and  northeastern  Wyoming.  Here  the  slopes  arc 
steep  to  precipitous  and  are  covered  typically  with  stands 
of  ponderosa  pine  intermingled  with  areas  of  native 
grasses  and  bare  craggy  rocks. 

The  High  Plains  slope  gently  east  waid  from  the  Rocky 
Mountain  fiont  in  north-cential  Coloiado  and  south- 
central  Wyoming.  These  plains  aie  characterized  by  nearly 
level  to  lolling  tablelands,  with  hilly  to  tough  broken 
areas  along  the  valley  .sides.  Stieam  dissection  is  well 
established,  with  broad  smooth  divides  between  the 
huger  drainages.  A distinct  subsection  in  the  northern 
High  Plains  is  the  .Sand  Hills,  an  aiea  of  about  24.000 
.square  miles  in  north-cential  Nebraska.  Theie  the  sandy 
charavtci  ol'  the  soil  alIow.s  a large  portion  of  the  annual 
precipitation  to  percolate  into  groiindwatci  storage. 

The  .South-Central  Loess  llilis  .section  is  an  aiea  inter- 
spersed with  nearly  level  plains,  rolling  land,  and  long 
narrow  undissecicd  plains  remnants  which  foim  divides 
between  a rather  complete  paltciu  of  canyon-like 
drainages. 

In  north-central  Kansas,  the  Ceniial  Kansas  Rolling 
Plains  otuips  a huge  area.  Strongh  lolhng  relief  pie- 
doininates  over  the  northern  and  wesiein  p.iits  of  the 
aiea.  with  deepiv  entrciwhed  diainages  and  ovv.asioiial 
snuioili  divides  between  maun  sticains  .Smoothei  plains 


occur  in  the  southern  and  .southeastern  parts. 

Land  use  in  the  Great  Plains  is  characterized  by  she 
vast  areas  of  grassland  used  for  grazing  livestock.  e.\ten- 
sivc  areas  of  cropland  such  as  the  c.xpanses  of  winter  and 
spring  wheat,  and  the  tracts  of  irrigation  along  many  of 
the  major  rivers  and  intermediate  plateaus. 

Hie  Central  Lowlands  province  of  the  Missouri  Basin 
is  a long  north-south  area  bounded  on  the  west  by  the 
Great  Plains;  on  the  northeast  and  south  by  the  Missouri 
Busin  boundary:  and  on  the  southeast  by  the  Ozark 
Plateaus.  This  entire  area  has  been  developed  by  erosion 
of  a mantle  of  glacial  drift  and  till  deposited  by  the  con- 
tinental glaciers.  An  abundance  of  rainfall  and  stream 
development  has  created  a hilly  topography  in  many 
places,  especially  in  the  south. 

Land  use  in  the  Central  Lowlands  province  is  essen- 
tially the  .same  as  in  the  adjoining  Corn  Belt.  Farm  land 
is  generally  conlnied  to  the  more  level  areas  in  the  north 
and  to  areas  between  the  hilly  belts  in  the  south.  Linds 
of  steeper  slopes  and  having  thin  soils  are  used  primarily 
for  grazing. 


Central  Lowlands 


The  Ozaik  Plateaus  pun  nice  within  the  Interioi  lligh- 
l.inds  division  in  the  southe.istein  portion  of  the  basin  is 
two  main  tiibutarv  liveisdiaining  the  aiea.  The  plateaus 
aie  gcneialh  undeilain  In  sedimentai.v  formations  ol 
limestone  and  chert.  These  formations  have  numeious 
composed  of  hilly  uplands  inteiini.xed  with  lolhng  pla- 
teaus. 'Ilien  lopogiaphy  w'as  developed  by  erosion  of  the 
ancient  0/aik  uplift.  The  O.sage  and  Gasconarle  are  the 
v,i\eins  and  undergiound  shannels  which  pioduce  .spiings 
lhr*iughout  the  aiea.  Geneially  the  0/arks  .support  ,i  tree 
covet  ill  mixed  haidvvoods  and  pines,  with  the  haul- 
woods  being  donnnant.  Most  of  the  l.iinis  in  the  aiea  arc 


small  aiid  many  farmers  obtain  supplemental  income 
from  lumbering.  Of  the  total  land-once  in  cultivation, 
about  one-third  has  been  returned  to  forests  or  grass. 
Timber  production  and  grazing  are  the  major  land  uses 
except  in  areas  of  better  soils  where  general  farming 
predominates. 


Ozark  Plateaus 


Subbasins  and  Subregions 

The  Missouri  Basin  has  signitlcant  variations  in  topog- 
raphy, dimatc.  resources,  economy,  and  social  aspects. 
To  facilitate  tlie  study,  tlic  basin  was  divided  into  eight 
planning  areas.  Because  the  source  and  composition  of 
the  basic  data  records  used  in  this  study  varied  with  res- 
pect to  boundary  delineations,  both  “subbasins”  and 
"subregions”  were  designated  (figure  4). 

Subbasins  are  liydrograpliic  areas  drained  by  desig- 
nated major  tributaries  or  groups  of  tributaries  of  the 
Missouri  River,  including  associated  closed  basins.  Sub- 
regions  are  groups  of  counties  delineated  to  approximate 
the  .subbnsiits  by  county  lines  because  of  statistical  data 
availability  on  this  basis,  and  to  facilitate  economic 
analysis. 


The  terms  "subbasins”  and  “subregions”  are  used  in 
this  appendix  to  designate  the  type  of  boundary  area  for 
which  the  data  were  developed.  For  planning  purposes, 
the  data  developed  by  regions  and  subregions  can  be 
applied  to  the  corresp9nding  basin  and  subbasin  areas 
with  no  significant  loss  of  reliability. 


Subbasins  and  subregions  discussed  in  this  report  are: 

Name  Narrative  Abbreviation 

Upper  Missouri  River  Tributaries  Upper  Missouri 
(Includes  all  of  the  drainage  of 
the  Missouri  River  above  the 
mouth  of  the  Yellowstone  River) 

Yellowstone  River  Subbasin  (In-  Yellowstone 

dudes  all  of  the  drainage  of  the 
Yellowstone  River) 

Western  Dakota  Tributaries  (In-  Western  Dakota 

eludes  all  the  tributaries  flowing 

from  the  west  between  the  mouths 

of  the  Yellowstone  and  Niobrara 

rivers) 

Eastern  Dakota  Tributaries  (In-  Eastern  Dakota 

eludes  the  drainage  area  east  of 

the  Missouri  River  from  the 

mouth  of  the  Yellowstone 

River  to  Sioux  City) 

Platte-Niobrara  Subbasin  (In-  Platte-Niobrara 

eludes  all  of  the  drainage  of  the 
Platte  and  Niobrara  rivers) 

Middle  Missouri  River  Tributaries  Middle  Missouri 

(Includes  tributaries  to  the  Missouri 

River  on  the  west  bank  from  the 

mouth  of  the  Niobrara  River  to 

the  mouth  of  the  Kansas  River, 

excluding  the  Platte  River,  and 

the  tributaries  on  the  west  bank 

from  Sioux  City  to  Kansas  City) 

Kansas  River  Subbasin  (Includes  Kansas 

all  of  the  drainage  of  the  Kansas 

River) 

Lower  Missouri  River  Tributaries  Lower  Missouri 

(Includes  tributaries  of  the  Missouri 
River  below  the  mouth  of  the 
Kansas  River) 
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FIGURE  4 

SUBBASINS  AND  SUBREGIONS 


SUntSINS  MD  SUBREGIONS 

1 UPPER  MISSOURI  RIVER  TRIBUTARIES 

2 TEUONSTONE  RIVER 

3 WESTERN  DAKOTA  TRIBUTARIES 
U EASTERN  DAKOTA  TRIBUTARIES 
$ PEATTE'NIOBRARA  RIVERS 

6 HIDDU  MISSOURI  RIVER  TRIBUTARIES 

7 KANSAS  RIVER 

8 lONER  MISSOURI  RIVER  TRIBUTARIES 


CLIMATE  Gulf  regioirs.  Under  their  influences  the  seasonal  varia* 

tion,  and  even  the  daily  range  In  temperatuie,  tend  to  be 
The  climate  of  the  Missouri  Basin  is  continental  large.  Except  in  the  mivuntains,  all  localities  have  ex- 
in type,  being  characterized  by  wide  ranges  in  tern-  pericnced  summer  temperatures  over  100°  F.,  and 

perature  and  irregular  annual  and  seasonal  precipitation.  below-zero  winter  temperatures.  Average  annual  tern- 

This  results  in  a range  of  climatic  zones  and  associated  peratures  range  from  55°  F.  in  the  southeast  to  less  than 

natural  vegetation  over  the  basin,  as  shown  in  figure  S.  40°  F.  in  the  northwest. 

Notable  are  the  extremes  in  temperature  induced  by  Wind  is  a significant  factor  in  the  climate  throughout 

alternating  cold  air  masses  moving  into  the  basin  from  the  basin.  Average  wind  directions  for  the  greater  part  of 

the  northwest  and  warm  air  masses  moving  from  the  the  basin  are  from  south  and  southeast  in  summer  and 
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FIGURE  5 

CLIMATIC  ZONES 

WITH  ASSOCIATED  NATURAL  VEGETATION 
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from  north  and  northwest  in  winter.  Although  the  precipitation  occurs  a;  snow  in  the  winter.  Average  snow- 

mountain  and  foothill  areas  have  less  wind  movement  falls  of  100  inches  or  more  are  common  throughout  the 

than  the  plains,  wind  directions  there  have  greater  local  Rockies. 

variation.  Maximuih  wind  velocities  range  between  45  Mountain  snow  packs  form  important  reservoirs  of 

and  120  miles  per  hour  with  the  higher  velocities  re-  water,  and  melting  snow  during  the  spring  and  early 

corded  in  the  Great  Plains.  Average  monthly  wind  summer  supplies  much  of  the  annual  stream  flow  in  the 

velocities  range  between  seven  and  1 3 miles  per  hour.  basin.  Mui^  of  the  irrigation  is  dependent  upon  these 

High  winds  with  hi^  temperatures  increase  evapora-  snow-fed  flows, 

tion.  damage  or  dry  out  crops,  and  frequently  cause  The  Rocky  Mountain  area  produces  significantly 

severe  dust  storms  in  some  areas.  These  hot  dry  winds  higher  annual  runoff  than  other  parts  of  the  basin.  Due 

are  frequent  during  the  spring  and  summer  months.  to  the  melting  of  the  snow  packs,  monthly  runoff  is 

During  the  winter,  in  most  parts  of  the  basin.  greatest  during  the  late  spring  months  and  decreases 

bliz/ards  are  a normal  hazard.  These  blizzards  are  often  through  the  summer,  fall,  and  winter.  The  base  flows  for 

a menace  to  human  life,  livest(K'k.  wildlife,  and  property  most  streams  arc  sustained  by  melting  snow  and  summer 

as  well  as  to  public  services  and  transportation.  precipitation,  much  of  it  entering  the  streams  as  ground- 

Annual  precipitation  is  perhaps  the  most  critical  water.  In  general,  runoff  increases  with  elevation, 
climatic  factor  since  it  affects  directly  the  economic  Some  flood  flows  in  the  Rocky  Mountains  occur  in 

health  of  agriculture,  the  basin's  primary  industry.  The  the  warm  season,  usually  as  flash  floods.  High  peak  dis- 
aniount  of  annual  precipitation,  its  form,  and  its  seasonal  charges  arc  produced  by  relatively  low  volumes  of  flood 
variation  arc  related  to  the  topographic  areas  within  the  runoff.  The  larger  annual  floods  on  streams  with  appre- 

basin.  As  a generalization,  the  annual  precipitation  ciable  drainage  arc  frequently  caused  by  combined  snow- 

patterns  catrbe  broken  into  three  board  classes  which  are  melt  and  rainfall.  In  the  .smaller  streams,  rainfall  is  the 
related  to  the  mountainous  areas,  the  Great  Plains,  and  primary  cause  of  floods. 

the  Central  Lowlands.  flic  Ozark  Plateaus  area  yields  average  annual  runoff 

Tlic  higlicst  average  annual  precipitation  within  the  in  the  range  of  from  six  to  12  inches.  Flood  runoff  is 
basin  occurs  in  the  mountainous  areas,  ranging  to  over  comparatively  high.  The  groundwater  flow  of  most 

40  inches  in  portions  of  the  Rocky  Mountains  and  the  streams  is  moderate  to  high  because  of  the  numerous 

Ozarks.  In  the  western  mountains,  much  of  the  annual  springs  draining  the  aquifersof  the  area.  Flood  flows  arc 


Beautiful  Cool  Ckiu  Mountain  Streams  Carry  the  Snowmelt  to  the  Great  Plains 


flashy  on  all  except  the  major  streams  of  the  area.  Rain- 
fall is  the  primary  cause  of  Hoods  with  snowmelt  and  ice 
Jams  being  infrequent  and  limited  factors  in  Hood 
occurrence. 

The  Great  Plains  are  noted  for  their  rather  scarrty  and 
erratic  annuai  precipitation.  Average  annual  precipitation 
on  the  plains  varies  from  lows  under  12  inches  to  highs 
slightly  over  20  inches.  As  a geneialization,  the  highest 
annual  precipitation  in  the  piains  portion  of  the  basin 
occurs  in  the  southeast  and  decreases  steadily  as  one 
moves  to  the  northwest. 

Rainfall  averages  are  a bit  misleading  for  individual 
yearly  precipitation  tends  to  vary  quite  widely.  The 
plains  are  weli  known  for  their  noncyclic  and  often 
severe  drouglits.  These  droughts  can  iast  from  a single 
summer  to  several  years  in  duration,  and  there  is  no 
known  means  by  which  to  accurately  predict  their 
occurrence.  The  drought  is  the  most  severe  climatic 
hazard  faced  by  the  basin  residents. 

Despite  the  low  average  annual  precipitation,  agricul- 
ture is  possible  on  the  Great  Plains  in  part  because  of  the 
seasonal  variation  in  the  rainfall.  The  greatest  amounts 
of  rainfall  come  during  the  spring  months  of  May,  June, 
and  early  July  in  most  years. 

Occasionally,  the  plains  experience  high  intensity 
thunder  storms  during  the  summer,  often  accompanied 
by  high  winds  and  hail.  These  siorms  commonly  cause 
more  crop  damages  than  benefits  from  the  rain  they 
produce. 


Winter  snowfall  is  generally  light  in  the  plains  with 
January  and  February  being  the  driest  months  of  the 
year. 

The  Great  Plains  have  low  annual  runoffs,  generally 
less  than  one  inch.  Groundwater  flow  in  most  streams  is 
very  limited.  As  a result,  the  typical  plains’  stream  has  a 
high  How  during  the  spring  rains  but  tends  to  dry  up 
during  the  summer,  with  occasional  short-duration  high 
flows  from  passing  thundershowers. 

A distinct  contrast,  to  the  general  condition  is  found 
in  the  Loup  Rivers  which  flow  out  of  the  Sand  Hills  of 
north-central  Nebraska.  The  flow  of  these  rivers  is  sup- 
piied,  in  most  part,  by  a relatively  steady  discharge  of 
groundwater  due  to  the  large  area  intake  and  the  high 
porosity  of  the  thick  sands  covering  the  area. 

Flood  flows  in  the  plains  are  semi-flashy  in  most 
streams  but  the  rolling  to  steep  topography  of  some 
locaiities  produces  typical  flash  floods.  Floods  in  the 
northern  part  are  caused  by  either  rainfall  or  combined 
rainfall  and  snowmelt,  with  ice  jams  being  involved  fre- 
quently in  the  early  spring  floods.  In  the  southern  part 
of  the  plains,  rainfall  is  the  primary  cause  of  floods  and 
neither  snowmelt  nor  ice  jams  are  important  factors. 

The  Central  Lowlands  are  generally  well  endowed 
with  annual  precipitation  with  the  annual  averages 
ranging  from  20  to  40  inches.  Yearly  precipitation  in  the 
northern  portion  is  divided  between  summer  rains  and 
winter  snow  while  in  the  southern  portion,  annual  pre- 
cipitation is  composed  aimost  entirely  of  rainfall  which 
occurs  througlrout  the  year. 


to 


The  lowlands  produce  appreciable  amounts  of  annual 
runoff  and  flood  occurrences  are  relatively  high.  Most 
streams  in  the  area  for  whkh  records  are  available  have 
avempe  annual  runoff  in  the  range  of  four  to  ei^t 
inches.  In  general,  low  flows  in  the  streams  are  derived 
from  shallow  groundwater  supplies  that  are  limited  by 
and  dependent  upon  the  local  inlillration  of  precipita- 
tion. Floods  are  semi-flashy  on  small  streams  and  are 
moderate  on  the  larger  streams.  Storm  rainfall  is  the 
primary  cause  of  floods,  and  ice  jams  are  not  a signifi- 
cant factor  in  flooding. 


DEMOGRAPHY 

Historically,  the  settlement  of  the  Missouri  River 
Basin  has  been  related  directly  to  its  abundance  of  natu- 
ral wealth,  particularly  its  agricultural  and  mineral  re- 
sources. The  potentials  of  the  Central  Lowlands  and 
the  eastern  portion  of  the  Great  Plains  and  the  Rocky 
Mountain  foothills  attracted  the  livestock  men;  and  the 
mineral  wealth  of  the  Rockies  themselves  brouglit  the 
miners. 

Each  of  these  settlement  groups  spawned  cities  and 
towns  to  service  their  needs.  Some  of  these  urban  centers 
went  on  to  become  growing  regional  centers  and  some 
soon  became  ghost  towns  when  their  economic  base  dis- 


appeared. This  processor  growth,  recession,  and  death  is 
still  much  in  evidence  within  the  basin. 

Population  shifts  have  been  constant  throughbi  t the 
basin’s  history.  Drou^ts,  economic  fluctuations,  mech- 
anization, and  urbanization  have  all  affected  the  basin. 
The  result  has  been  a large  out-migration  of  the  rural 
population,  rapid  growth  in  the  large  metropolitan  areas, 
mixed  rates  of  growth  in  the  smaller  cities  and  towns, 
and  an  increase  in  industrialization  (plate  1). 

In  1 960,  about  3.4  million  people,  or  42.S  percent  of 
the  basin’s  population  lived  in  rural  areas  or  towns  of  less 
than  2,500.  The  remaining  4.5  million  people  lived  in 
urban  and  metropolitan  areas  having  populations  of 
2,500  or  more,  including  the  37.2  percent  of  the  basin’s 
population  living  in  ll  standard  metropolitan  statistical 
areas  (SMSA’s)  (table  2). 

The  total  population  of  the  Missouri  Basin  increased 
17  percent  between  1940  and  1960.  During  this  period, 
rural  population  decreased  17  percent  and  urban  popula- 
tion increased  68  percent.  Improved  transportation  and 
communication  facilities,  improved  equipment  and  tech- 
nology in  agriculture,  increased  emphasis  on  manufac- 
turing activities,  and  increased  demands  for  recreation 
are  some  of  the  factors  that  influenced  divergent  rates  of 
growth  and  shifts  of  population  within  the  basin  (see 
figures  6 and  7). 


Many  Communities  Had  Their  Heyday  Such  as  This  Ghost  Mining  Town 
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FIGURE  6 

POPULATION  DENSITY>1960 
BY  COUNTIES 
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Table  2 - POPULATION  DISTRIBUTION 
U^BAN  and  rural,  1960 


Category 

Number 

Percent  of 
Population 

Metropolitan  Areas 

SMSA’.s  over  50.000 
population 

It 

37.2 

Urban  (towns)  , 

25,000  • 50,000 

11 

1 34 

1 -1-7 

i 0.000  - 25,000 

5.000-10,000 

51 

6.3 

4.7 

2.500  - 5,000 

100 

Rural  (including  towns  less 

4.6 

than  2.500) 

.. 

42.5 

Total 

207 

100.0 

NATURAL  RESOURCES 


From  land  and  water  stem  the  natural  and  remwaole 
resources  of  agriculture,  grass,  forests,  recreation,  fish, 
and  wildlife.  The  land  and  water  resources  have  the 
potential,  if  properly  managed  and  skillfully  developed 
t^o  contribute  to  the  satisfaction  of  demands  and  to  meet 
future  regional  and  national  needs. 

The  basin  contains  scenic  mountains,  narrow  canyons, 
precipitous  slopes,  fertile  valleys,  broad  plains,  (orests, 
grasslands,  lakes,  and  streams.  Below  the  surface  are 
e.xtensive  supplies  of  groundwater,  coal,  oil,  gas,  and 
other  minerals.  All  these  natural  resources  have  and  will 
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Tabie  3 - LAND  AND  WATER  AREA 


Subbasin 

Water  Area 

Land  Area 
Total 

Total 

Area 

Over 
40  Acres 

Under 
40  Acres 

Tout 

(Thousand  Acres) 

Upper  Missouri 

564 

106 

670 

52,293 

52,963 

Yellowstone 

273 

72 

345 

44,853 

45,198 

Western  Dakota 

334 

138 

472 

48,884 

49,356 

Eastern  Dakota 

662 

240 

902 

36,402 

37,304 

Platte-Niobrara 

466 

188 

654 

63,021 

63,675 

Middle  Missouri 

125 

49 

174 

15,571 

15,755 

Kansas 

95 

241 

336 

38,540 

38,876 

Lower  Miss^i 

139 

127 

266 

25,125 

25,391 

Missouri  Basin 

2,658 

1,161 

3,819 

324,689 

328,508 

Source:  Total  area  is  U.  S.  Bureau  of  Census  1960  Land  and  Water  Area,  adjusted  to  basin  boundary.  Water  areas  over  40  acres 
include  streams  I /8  mile  in  width  or  more.  Water  areas  under  40  acres  are  from  National  Invento'  of  ^11  and  Water  Conservation 
Needs,  1958,  United  States  Department  of  Agriculture. 


Table  4 - AVERAGE  ANNUAL  WATER  FLOW 
PRODUCED  IN  EACH  SUBBASIN  AND  AT 
HERMANN.  MISSOURI,  UNDER  1970 
DEVELOPMENT  CONDITIONS 


Subbatiin 

Total  Flow 
Produced  by 
Subbasin  Areas 

Drainage  Area 

Million 

Acre-Feet 

Percent 
of  Flow 

1,000 
Sq.  Miles 

Percent  of 
Drainage 
Area 

Upper  Missouri 

7.7 

14 

92 

17 

Yellowstone 

8.8 

16 

71 

13 

Western  Dakota 

4 

77 

15 

Eastern  Dakota 

6 

58 

11 

Platte-Niobrara 

4.2 

8 

99 

19 

Middle  Missouri 

7.7 

14 

25 

5 

Kansas 

4.2 

8 

61 

12 

Lower  Missouri 

17.3 

_30 

40 

8 

Total 

55.5 

100 

523 

100 

Less  Main  Stein 

Reservoir 

Evaporation 

-1.9 

Remaining  Flow  at 

Hermann,  Missouri 

53.6 

.. 

Water  For  Livestock  Is  Essential  To  Grazing 


Rural  Water  Systems  Supply  Areas 
Without  Adequate  Water 


Most  Rural  Communities  Are  Dependent 
Upon  Groundwater 
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FIGURE  7 

POPULATION  DISTRIBUTION-1960 
BY  SUBBASIN 
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continue  to  play  a most  important  role  in  development 
of  the  basin. 

One  of  the  most  important  natural  resources  in  the 
basin  is  its  water  which  covers  approximately  3.f  mllion 
acres.  Of  the  total  water  surface,  2.7  million  acres,  or 
about  70  percent,  comprise  surface  areas  over  40  acres  in 
extent  and  streams  over  one-eighth  mile  in  width.  About 
1.1  million  acres  are  in  narrow  streams  and  in  water  areas 
of  less  than  40  acres.  There  is  wide  variation  among  the 
eight  subbasins  in  the  distribution  of  water.  The  Eastern 
Dakota  Tributaries  Subbasin  has  the  largest  proportion 
of  total  water  areas,  about  two  and  one-half  percent  of 
the  subbasin  being  water  area.  In  comparison,  the  Yellow- 
stone Subbasin  has  the  smallest  proportion  with  only 
three-fourths  of  one  percent  being  water  area  (table  3). 

In  most  areas  of  the  basin,  the  ground-water  resources 
are  related  to  the  surface  water  resource.  Ground  water 


is  the  source  of  water  for  most  of  the  ruril  population 
and  smaller  communities  and  for  livestock  an  the  Great 
Plains.  Many  areas  in  the  basin  are  dependent  on  ground- 
water  for  municipal,  industrial,  domestic,  and  irrigation 
purposes. 


The  surface  water  of  the  basin  is  used  and  reused  as  it 
accumulates  and  flows  to  the  mouth  of  the  Missouri 
Kiver.  Under  present  conditions  of  development  and 
UMge,  the  estimated  average  annual  flow  of  the  Missouri 
River  near  its  mouth  at  Hermann,  Missouri,  is  53.6  mil- 
lion acre  feet.  Table  4 shows  the  contributions  to  the 
Missouri  River  made  by  each  of  the  subbasin: 


. midouuii  oaMii  are  cios^ijy 

associated  with  their  present  uses.  The  best  method  to 
descnoe  these  resources  is  to  indicate  the  current  uses 
and  to  give  an  idea  of  their  potential  for  future  expansion. 
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Today,  as  in  the  past,  agriculture  is  the  predominant 
means  of  livelihood  and  the  major  producer  of  wealth 
within  the  basin.  No  other  major  regions  in  the  United 
States  equal  the  Missouri  Basin  in  the  production  of 
small  grains  and  meat,  the  basin’s  specialities.  Regularly, 
the  basin  produces  a third  or  more  of  the  Nation’s  wheat. 
31  percent  of  its  sorghum,  29  percent  of  its  barley,  44 
percent  of  its  corn,  and  21  percent  of  its  oats.  Also,  the 
basin  produces  one-fourth  of  the  Nation’s  red  meat 
ahintals-cattle,  hogs,  and  sheep.  This  is  accomplished  on 
only  15  percent  of  the  land  area  within  the  United 
States. 

Much  of  the  total  economy  of  the  basin,  either 
directly  or  indirectly,  is  dependent  upon  agriculture.  A 
lar;.',e  part  of  the  non-commodity  producing  segment  of 


the  economy  provides  agricidtural  services  such  as  mach- 
inery maintenance,  feed  grinding,  fuel  delivery,  fertilizer, 
and  similar  services  directly  to  the  farmer.  Food  process- 
ing is  the  basin’s  largest  manufacturing  segment.  The 
large  livestock  markets  and  numerous  meat  packing 
plants  are  important  to  the  economy  of  the  basin. 

About  312  million  acres  of  land  in  the  basin  are  used 
for  some  agricultural  purpose.  Grasslands  comprise  the 
largest  major  use  and  account  for  54  percent  of  the  total 
area.  In  addition,  about  3 1 percent  of  the  land  is  culti- 
vated, nine  percent  is  in  forest  and  woodland,  and  ap- 
proximately six  percent  is  devoted  to  miscellaneous 
agricultural  and  non-agricultural  uses  (see  figure  8). 

Shortage  of  water  is  a major  limiting  factor  in  agricul- 
tural production  in  the  arid  and  semiarid  climatic  zoties. 
Approximately  7.4  million  acres,  or  seven  percent,  of  the 
cropland  arc  irrigated.  Irrigation  is  practiced  principally 
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ii:  the  Upper  Missouri,  Yellowstone,  Flatte-Niobrara,  and 
Kansas  Subbasins. 

Irrigation  is  important  to  the  economy  of  several  of 
Uic  States.  While  surface  water  has  made  the  greatest 
contribution,  ground  water  provides  one-fifth  of  the 
total  irrigation  water  supply  applied  to  about  30  percent 
of  the  irrigated  land.  Water  for  irrigation  has  contributed 
not  only  to  increases  in  the  production  of  crops  and 
livestock,  but  to  the  stability  of  the  total  agriculture  and 
overall  economy  of  the  region. 

There  c.e  appro.\imately  168  million  acres,  or  54  per- 
cent, of  the  Missouri  Basin  in  grassland  used  for  pasture 


Irrigation  In  A Semi-Arid  Region 


and  range  for  grazing  of  domestic  livestock.  About  86 
percent  of  the  pasture  and  range  is  in  private  ownership. 
About  14  percent  is  in  the  national  forests,  national 
grasslands,  and  in  administrative  districts  of  the  public 
domain.  Permits  or  leases  arc  held  by  the  farmers  and 
ranchers  for  grazing  their  livestock  on  the  Federal  lands, 
llie  grassland  areas  arc  of  major  importance  in  the  agri- 
cultural production  and  economy  of  the  basin.  In  addi- 
tion, tliese  grasslands  provide  habitat  for  wildlife  and  arc 
of  vital  importance  to  tlic  e.xistcnce  of  many  wildlife 
species.  The  grasslands  also  provide  areas  for  I anting 
and  recreation. 


Vast  Expanses  of  Gnssland  are  Utilized  by  Livestock 


Forest  and  Woodland 

Forest  and  woodlands  cmnprisc  over  nine  percent  of 
the  Missouri  Basin.  Tliere  are  two  major  forest  types  in 
the  basin  separated  by  the  Great  Plainsffigure  9).  Forests 
in  the  Lower  Missouri  Subbasin  and  adjacent  tributaries 
east  of  the  Great  Plains  ate  predominantly  hardwood  or 
broadleaf  while  those  in  the  mountains  are  predominantly 
softwood  or  coniferous. 

In  the  Lower  Missouri  Subbasin,  woodlands  cover 
one-fourth  of  the  land  area  (table  5).  They  are  almost  all 
privately  owned.  Periods  of  poor  markets  for  forest 
products  have  resulted  in  an  accumulation  of  saw- 
timber  stands.  Half  of  the  growing  stock  volume  is  in 
sawtimber  trees,  but  the  stands  contain  many  cull  trees. 
Sawtimber  volume  in  the  subbasin  is  mostly  oak. 

The  22  million  acres  of  forest  in  the  western  portion 
of  the  Missouri  Basin  comprise  73  percent  of  all  its 
forest  lands.  Fifteen  million  acres  of  this  forest  are  com- 
mercially important  for  timber  production.  A large 
proportion  of  the  forest  lands  is  federally  owned. 

Elevation  has  an  important  bearing  on  the  distribution 
of  forests  and  their  species  composition.  In  the  western 
portion  of  the  basin,  trees  seldom  grow  at  less  than 
4,000  feet  above  sea  level,  e.xcept  along  river  bottoms.  A 
big  proportion  of  the  forests  at  lower  elevations,  from 
4,000  to  6,000  feet,  consists  of  low  quality  stands  of 
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FIGURE  9 


MAJOR  FOREST  TYPES 
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Table  5 - ACRES  OF  FOREST  LAND  BY 
CLASSES,  CURRENT  INVENTORY 


Subbasin 

Commercial 

Forest 

Land' 

Noncommercial 

Forest 

Land^ 

Total 

Forest 

Land 

(Thousand  Acres) 

Upper  Missouri 

5,500 

1,711 

7,211 

Yellowstone 

3,166 

3,871 

7,037 

Western  Dakota 

2,218 

206 

2,424 

Eastern  Dakota 

129 

31 

160 

Platte-Niobrara 

4,150 

978 

5,128 

Middle  Missouri 

1,019 

17 

1,036 

Kansas 

500 

20 

520 

Lower  Missouri 

6.651 

206 

6.857 

Missouri  Basin 

23,333 

7,040 

30,373 

U'ortisl  hind  lhat  U produciiit;,  or  is  capable  of  producing, 
crops  of  indiisirial  wood  and  noS  withdrawn  from  timber 
utili/ation  by  statute  or  administrative  regulation. 

^Unproductive  forest  land  incapable  of  producing  crops  of 
commercial  industrial  wood.  This  also  includes  productive 
forest  land  withdr.iwn  from  commercial  timber  use  through 
statute  or  administrative  regulations. 


juniper  and  ponderosa  pine,  which  accounts  for  much 
of  the  area  classed  as  noncommercial.  The  commercial 
forests,  mostly  in  stands  of  lodgepole  pine,  Douglas  fir, 
spruce,  and  ponderosa  pine,  are  located  at  higher  eleva- 
tions along  the  eastern  slopes  of  the  Continental  Divide 
and  on  a number  of  mountainous  areas  to  the  east.  At 
still  higher  elevations,  extending  to  the  upper  timberline, 
there  are  additional  noncommercial  forest  areas.  The 
sites  are  rugged  and  the  trees  are  largely  subalpine  fir, 
whitebark  pine,  and  .spruce. 
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Western  Coniferous  Forest 


Minerals 

Mineral  resources  of  the  Missouri  River  Basin  are  most 
conveniently  described  by  grouping  the  many  mineral 
commodities  into  three  categories-metallics,  nonmetal- 
lies,  and  fuels. 

Metallic  mineral  resources  are  generally  associated 
with  mountainous  areas  and  their  peripheral  outwash 


plains.  Metallic  ores  are  produced  in  significant  quanti- 
ties from  the  mountainous  areas  of  central  Moniana, 
central  Wyoming,  north-central  Colorado,  and  from  the 
Black  Hills  of  South  Dakota.  Principal  mineral  produc- 
tion includes  gold,  silver,  copper,  lead,  zinc,  molyb- 
denum, and  taconite  with  smaller  amounts  of  minor 
minerals  such  as  tungsten,  beryllium,  vanadium,  chro- 
mium, uranium,  and  lithium. 


Uranium  Mining 


i 


Nonmetallic  minerals  include  construciion  materials; 
a number  of  fertilizer  minerals  such  as  phosphate,  potasit 
and  gypsum;  and  minerals  for  chemicals  such  as  fluor- 
spar, lime,  mica,  salt,  and  bentonite  clays. 

Fossil  fuels  consisting  of  crude  oil  and  coal  reserves 
compiisc  much  of  the  basin’s  mineral  wealth.  The  annual 
production  value  of  oil  and  gas  has  been  considerably 
more  than  750  million  dollars  in  recent  years,  represent- 
ing about  two-thirds  of  the  total  annual  value  of  mineral 
production  of  the  basin.  Petroleum  production  is  e.\- 
pected  to  increase  moderately  through  the  year  2000 
and  to  decline  thereafter. 

Recoverable  coal  reserves  are  estimated  to  be  more 
than  450  Billion  tons,  or  about  55  percent  of  the  Nation’s 
total.  The  states  of  North  Dakota.  Montana,  and 
Wyoming  possess  about  80  percent  of  the  basin’s  recov- 
erable coal.  However,  with  the  e.vccptions  of  Nebraska 
and  the  small  sjuthwest  sectio'i  of  Minnesota,  all  basin 
states  have  substantial  coal  reserves. 

Most  of  the  basin’s  coal  is  lignite  or  sub-bituminous. 
Its  long-range  future  may  be  determined  in  large  part  by 
current  research  in  synthetic  liquid  fuels,  manufactured 
gasses,  and  coal  chemicals.  A sharp  increase  is  anticipated 
in  the  use  of  the  basin’s  coal  for  generation  of  thermal- 
electric  power. 

Fish  and  Wildlife 

Fish  and  wildlife  resources  of  the  Missouri  River  Basin 
are  among  the  most  outstanding  in  the  Nation,  Much  of 
the  Nation’s  best  big  game,  upland  game,  and  waterfowl 
hunting  and  coldwater  fishing  is  in  the  basin.  Each  year 


these  resources  attract  large  numbers  of  fisliermen  and 
hunters  from  all  p.irts  of  the  Nation.  The  basin  also 
produces  large  numbers  of  migratory  birds  which  are 
hunted  in  other  parts  of  the  Nation, 


Forests  Provide  Outdoor  Recreation 


Deer  - The  Major  Big  Game  in  tlie  Basin 
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from  north  and  northwest  in  winter.  Although  the 
mountain  and  foothill  areas  have  less  wind  movement 
than  the  plains,  wind  directions  there  have  greater  local 
variation.  Maximuih  wind  velocities  range  between  45 
and  120  miles  per  hour  with  the  higher  velocities  re- 
corded in  the  Great  Plains.  Average  monthly  wind 
velocities  range  between  seven  and  13  miles  per  hour. 

High  winds  with  hi^  temperatures  increase  evapora- 
tion. damage  or  dry  out  crops,  and  frcq’ientiy  cause 
severe  dust  storms  in  some  areas.  These  hot  dry  winds 
are  frequent  during  the  spring  and  summer  months. 

During  the  winter,  in  most  parts  of  the  basin. 
bliz/.ards  are  a normal  hazard.  These  bliz/ards  are  often 
a menace  to  human  life,  livestock,  wildlife,  and  property 
as  well  as  to  public  services  and  transportation. 

Annual  precipitation  is  perhaps  the  most  critical 
climatic  factor  since  it  affects  directly  the  economic 
health  of  agriculture,  the  basin!s  primary  industry.  The 
amount  of  annual  precipitation,  its  form,  and  its  seasonal 
variation  arc  related  to  the  topographic  areas  within  the 
basin.  As  a generalization,  the  annual  precipitation 
patterns  can  be  broken  into  three  board  classes  which  are 
related  to  the  mountainous  areas,  the  Great  Plains,  and 
the  Central  Lowlands. 

The  higlic.st  average  annual  precipitation  within  the 
basin  occurs  in  the  mountainous  areas,  ranging  to  over 
40  inches  in  portions  of  the  Rocky  Mountains  and  the 
Ozarks.  In  the  western  mountains,  much  of  the  annual 


precipitatioii  occurs  as  snow  in  the  winter.  Average  snow- 
falls of  100  inches  or  more  are  common  throughout  the 
Rockies. 

Mountain  snow  packs  form  important  reservoirs  of 
water,  and  melting  snow  during  the  spring  and  early 
summer  supplies  much  of  the  annual  stream  flow  in  the 
basin.  Mu<^  of  the  irrigation  is  dependent  upon  these 
snow-fed  flows. 

The  Rocky  Mountain  area  produces  signiricantly 
higher  annual  runoff  than  other  parts  of  the  basin.  Due 
to  the  melting  of  the  snow  peks,  monthly  runoff  is 
greatest  during  the  late  spring  months  and  decreases 
through  the  summer,  fall,  and  winter.  The  base  flows  for 
most  streams  arc  sustained  by  melting  snow  and  summer 
precipitation,  much  of  it  entering  the  streams  as  ground- 
water. In  general,  runoff  increases  with  elevation. 

Some  flood  flows  in  t!ic  Rocky  Mountains  occur  in 
the  warm  season,  usually  as  flash  floods.  High  peak  dis- 
charges arc  produced  by  relatively  low  volumes  of  flood 
runoff.  The  larger  annual  floods  on  streams  with  appre- 
ciable drainage  arc  frequently  causcd.by  combined  snow- 
melt and  rainfall.  In  the  smaller  streams,  rainfall  is  the 
primary  cause  of  floods. 

Tlie  0/ark  Plateaus  area  yields  average  annual  runoff 
in  the  range  of  from  si.x  to  1 2 incites.  Flood  runoff  is 
comparatively  high.  The  groundwater  flow  of  most 
streams  is  moderate  to  high  because  of  the  numerous 
springs  draining  the  aquifersof  the  area.  Flood  flows  arc 


Accumulated  Snow  Contributes  to  a More  Constant  Streamflow  I hroughouf  the  Year 
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CHAPTER  2 


LAND  OWNERSHIP  AND  MANAGEMENT 


OWNERSHIP 

All  of  the  Missouri  Basin,  in  the  United  States,  was 
included  in  the  Louisiana  Purchase  of  1803.  Title  to  the 
Louisiana  Territory  was  delivered  to  the  United  States 
thereby  placing  all  of  the  area  in  Federal  ownership  at 
the  time  of  the  purchase.  Through  sales,  land  grants,  and 
various  special  and  limited  homestead  acts  passed  by  the 
Congress,  most  of  the  area  passed  to  private  and  state 
ownership.  Current  ownership  is  shown  in  table  6. 

Within  the  “private-county-state”  category,  the  farm- 
ers and  ranchers  are  the  largest  landowners  in  the  basin. 


State-owned  lands,  mostly  school-grant  lands  amounting 
to  about  four  percent  of  the  basin,  are  grouped  with 
private  lands  as  they  are  generally  leased  by  the  farmers 
and  ranchers  for  agricultural  purposes.  Indian-owned 
lands  are  privately  owned  lands  for  which  title  is  held  in 
trust  by  the  United  States  and  for  which  the  United 
States  has  certain  management  responsibilities  as  trustee. 
Lands  owned  by  the  United  States  are  managed  by 
several  Federal  agencies:  The  Forest  Service.  19.4  mil- 
lion acres;  Bureau  of  Land  Management,  18.5  million 
acres;  National  Park  Service,  2.3  million  acres;  Corps  of 
Engineers,  2.0  million  acres;  and  the  Bureau  of  Reclama- 
tion, 1 .0  million  acres.  Lesser  acreages  arc  managed  by 


Table  6 - LAND  AND  WATER  OWNERSHIP 


Subbasin 

Unit 

! 

Total 

Subbasin 

Area 

Subtotal 
Non-Federal 
State,  Counlv 
and  Private' 

SubtoUd 

Federd 

National 

Forest 

System 

Public 

Domain 

National 

Park 

System 

Public 

Works 

Recla- 

mation 

Other 

Federal^ 

Upper 

Ac, 

52,963 

39,363 

(Thi 

13,600 

Dusand  Acre 
5,923 

5) 

5,901 

673 

609 

248 

246 

Missouri 

% 

100 

74 

26 

11 

11  j 

1 

1 

1 

1 

Yellow 

Ac. 

45,200 

29,766 

15,434 

5,830 

7,750 

1.250 

0 

536 

68 

stone 

% 

100 

66 

34 

13 

17 

3 

0 

1 

* 

Western 

Ac. 

49,356 

43,091 

6.265 

3,743 

1,275 

214 

585 

74 

374 

Dakota 

% 

100 

87 

13 

8 

3 

♦ 

1 

* 

1 

Eastern 

Ac. 

37,304 

36,529 

775 

3 

3 

0 

599 

6 

164 

Dakota 

9^ 

100 

98 

2 

« 

♦ 

0 

2 ^ 

* 

* 

Rattc- 

Ac. 

63,675 

55,807 

7,868 

3,694 

3,586 

170 

5 

110 

303 

Niobrara 

100 

88 

12 

6 

6 

* 

* 

* 

* 

Middle 

Ac. 

15,744 

15,696 

48 

0 

0 

0 

27 

0 

21 

Missouri 

9c 

100 

99 

1 

0 

0 

0 

♦ 

0 

* 

Kansas 

Ac. 

38,875 

38,510 

365 

0 

2 

0 

146 

98 

119 

9c 

100 

99 

1 

0 

* 

0 

1 

« 

Lower 

Ac. 

25,391 

25,063 

328 

177 

0 

0 

38 

0 

113 

Missouri 

9, 

100 

99 

1 

1 

0 

0 

* 

0 

* 

Missouri 

Ac. 

328,508 

283,825 

44,683 

19,370 

18,517 

2.307 

2,009 

1,072 

1.408 

Basin 

100 

86 

14 

6 

6 

1 

1 

* 

* 

Source;  Data  from  K’doral  agencies  and  Naiiomii  Imcniory  of  Soil  and  Water  Conservation  Needs,  1 OSS,  USDA. 

Total  is  Bureau  of  Census  1900  land  and  W’ater  .Areas,  adjusted  By  basin  boundary. 

•less  than  0.5  percent  and  1,000  acre.s. 

t Includes  Indian-owned  land  to  ssliicli  title  is  held  in  trust  by  the  Ihiited  Slates. 

-includes  l ederal  lands  managed  by  the  .Agricultural  Iteseareh  Servue.  the  Bureau  of  Sport  I islierics  ,md  Wildlife,  the  Military . 
and  the  l ederal  lands  administered  by  the  Bureau  of  liulian  .Affairs  which  arc  predoiiiin.inily  siibmaiginal  and  .ilso  include 
school  and  administrative  sites. 
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the  Military,  the  Bureau  of  Sport  Fidieries  and  Wildlife, 
the  Bureau  of  'ndian  Affairs,  and  the  Agricultural 
Research  Service 

Private  land  ownership  including  state  and  local 
government-managed  lands  amounts  to  284  million  acres, 
or  about  86  percent  of  the  total.  Federally  owned  and 
managed  lands  amount  to  45  million  acres,  or  about  14 
percent  of  the  total  area.  The  distribution  of  owner^ip 
varies  by  subbasins  with  private  land  ownership  being 
the  highest  in  the  Middle  Missouri  Tributaries  Subbasin 
where  99.7  percent  of  the  area  is  in  non-Federal  owner- 
ship. The  lowest  percentage  (approximately  66  percent) 
of  non-Federal  ownership  is  in  the  Yellowstone  Subbasin. 

Figure  10  shows  the  land  and  water  ownerdiip  for 
each  subbasin.  The  location  of  the  Federal  lands  is  shown 
in  plate  2. 


MANAGEMENT  AND  ADMINISTRATION 

The  management  of  the  basin  lands  falls  into  two 
broad  categories-private  and  Federal.  Since  the  per- 
centages of  lands  owned  by  the  Indians,  the  States,  and 
local  gove.nments  are  small,  they  have  been  included 
with  the  private  lands  (table  6). 

Private  Lands 

The  management  of  private  lands  within  the  basin  is 
vested  with  thousands  oi  individuals,  corporations,  and 
legal  entities.  Except  for  some  general  restrictions,  such 
as  taxes  and  zoning  laws,  these  individual  managers  have 
traditionally  had  the  right  to  use  their  land  much  as  they 
saw  fit.  It  has  been  the  decisions  of  these  managers  which 
have  determined  the  present  patterns  of  land  use. 


FIGURE  10 

LAND  AND  WATER  OWNERSHIP 
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TH€  SCAU  PetMITS  ONU  HAJOR  AREAS  OF  GENERAL  LAND 
OMNERSHti’  AND  TRUSTEESHIP  TO  BE  SHOWN,  AND  OHlT$ 
SCATTERED  AREAS  OF  COmiNGlEO  FEDERAL,  STATE.  COUNTY 
AND  LOCAL,  AND  PRIVATELY  OWNED  LANDS.  EXCLUDED  ARE 
MILITARY  LANDS.  RESERVOIR  LANDS,  FEDERAL  AND  STATE 
RIGHTS-OF-WAY  AND  MISCELLANEOUS  LANDS.  THE  BOUNDARIES 
OF  INDIAN  LANDS.  ESTABLISHED  BY  TREATIES  AND  PROCLAMA- 
TIONS. USUALLY  ENCLOSE  MORE  ACREAGE  THAN  IS  HELD  IN 
TRUST, 


BASIN  BOUNDARY  ^ ■ SUBBASIN  BOUNDARY 

1 UPPER  MISSOURI  SUBBASIN 

2 YELLOWSTONE  SUBBASIN 

3 WESTERN  DAKOTA  SUBBASIN 
U EASTERN  DAKOTA  SUBBASIN 

5 PLATTE-NIOBRARA  SUBBASIN 

6 MIDDLE  MISSOURI  SUBBASIN 

7 KANSAS  SUBBASIN 

e LOWER  MISSOURI  SUBBASIN 


GENERALIZED 


LAND  OWNERSHIP  STATUS 

1965 


COMPREHENSIVE  FRAMEWORK  STUDY 

MISSOURI  RIVER  BASIN 

MISSOURI  BASIN  INTER-AGENCY  COMMITTEE 

-PLATE 


Basicully.  the  managciucnt  practices  in  the  private 
sector  are  controlled  by  ccononiic  conditions,  and  the 
resulting  use  of  the  pr'.ate  lands,  in  the  broadest  sense, 
is  the  op'.inii/ing  of  economic  benefits.  Thus,  the  broad 
patterns  of  livestock  raising,  cropping,  timber,  industry, 
and  urbanization  represent  the  best  economic  use  of  the 
land.  Unless  there  is  a major  change  in  tire  getteral 
economic  conditions  of  the  Nation,  the  genera!  land  use 
patterns  will  continue  into  the  future. 

No  large  economic  changes  or  ntassive  shifts  in 
primary  land  use  within  the  basin  arc  anticipated.  How- 
ever, there  will  be  numerous  small  shifts  in  local  patterns 
throughout  the  basin,  and  the  total  effect  is  c.xpected  to 
be  a decrease,  by  a small  percentage,  in  (he  land  used  for 
agriculture. 

Even  thougli  shifts  in  primary  land  uses  have  not  been 
large,  the  changes  in  management  practices  on  the  private 
lands  have  been  significant.  Perhaps  three  of  the  more 
important  trends  in  management  practices  have  been  the 
consolidation  of  agricultural  holdings,  the  intensifying  of 
land  use.  and  urbanization. 

The  coitsolidation  of  agricultural  lands  into  fewer  but 
larger  units  has  been  taking  place  for  several  decades.  The 
obvious  re.sult  of  this  consolidation  has  been  the  decrease 
in  the  number  of  landowners,  but  it  has  also  speeded  the 
adaptation  of  new  management  practices  because  tlte  re- 
maining landowners  had  the  space  upon  which  to  use 
them.  Particularly  important  have  been  mechanization, 
cropping  practices,  and  conservation  measures.  It  is  ex- 
pected that  this  trei’.d  will  continue  in  the  future. 


Periiaps  the  most  important  trend  in  private  land 
management  is  tire  increased  intensity  of  use  being  made 
of  agricultural  lands.  The  cost  sriueezc  between  rising 
production  costs  and  the  stable  or  declining  prices  re- 
ceived for  farm  products  has  forced  many  agriculturalists 
to  increase  their  efficiency  in  order  to  stay  in  business. 
The  result  liari  been  an  increasing  implementation  of 
such  things  as  private  irrigation,  feedlot  operations,  and 
land  and  water  conservation  measures. 

Tlie  third  change  in  land  management  has  resulted 
from  the  expansion  of  urbanization.  Tliere  has  been  a 
continuing  growth  of  the  cities  to  accommodate  the  in- 
creasing numbers  of  people  living  in  the  basin.  Althougli 
the  total  acreage  affected  is  a small  percent  of  the  total 
basin,  this  change  is  significant  because rof  the  number  of 
landowners  involved  and  their  density.  This  trend  has  in- 
creased the  awareness  iliat  urbanization  necessitates 
large,  and  often  complicated,  needs  for  specialized  land 
management  practices  such  as  zoning,  water  run-off  and 
flood  control,  transportation,  recreation,  and  open  space. 

The  drive  of  the  private  landowner,  both  urban  and 
rural,  to  enhance  his  economic  benefits  is  a potent  force 
in  land  management.  .Such  individual  managers  readily 
adopt  those  practices  which  will  allow  them  to  increase 
their  economic  returns  while  they  resist  those  piacticos 
which  interfere.  Any  future  changes  in  land  use  or 
management  practices  which  arc  considered  desirable 
will  have  to  cope  with  these  responses  from  the  private 


Much  of  Ihc  development  in  tlie  piunning  framework 
for  the  basin  is  tlie  expected  private  investment  in  new 
land  practices  and  use.  particularly  irrigation.  It  is  felt 
that  these  investments  will  occur  unless  they  arc  legally 
constrained  or  unless  economic  incentives  occur  which 
emphasize  differing  goals. 

Federal  Lands 

Sational  Forest  System-  Tlie  National  Forest  System 
in  the  basin  is  comprised  of  all  or  parts  of  18  national 
forests,  eiglit  national  grasslands,  and  two  Land  Utiliza- 
tion Project  areas  totaling  19.4  million  acres  (table  S-3). 
These  lands  are  administered  by  the  Forest  Service  of  the 
Department  of  Agriculture. 

As  directed  by  Congress,  renewable  forest  re.sources- 
water,  timber,  forage,  wildlife,  and  recreation-are  man- 
aged under  the  principles  of  multiple  use  anu  sustained 
yield.  Multiple  use  means  that  resource  management  is 
coordinated  so  that  areas  of  land  produce  a combination 
of  values  that  best  serves  the  American  people.  Sustained 
yield  means  that  resources  arc  managed  so  as  to  provide 
services  and  products  at  a level  of  supply  as  high  as  can 
be  sustained  without  harming  the  land’s  ability  to  pro- 
duce. Under  such  management,  national  forests  represent 
the  Nation’s  largest  tangible  accomplishment  in  forest  re- 
source conservation.  There  arc  many  uses  of  the  national 


forests,  all  tied  together  under  comprehensive,  coordi- 
nated multiple  use  plans. 

Water  from  the  forests  irrigates  agricultural  lands  and 
is  used  for  domestic  and  industrial  purposes.  Timber 
from  the  forests  is  maiiufactured  into  wood  products. 
National  forests  and  national  grasslands  provide  habitat 
for  big  and  small  game  animals,  game  birds,  and  also  tlsh. 
They  also  produce  forage  for  cattle  and  for  sheep.  Out- 
door recreation  in  the  national  forests  includes  scenic 
drives,  wilderness  travel,  picnicking,  camping,  hiking, 
skiing,  swimming,  boating,  and  e.xcellent  nshitig  and 
hunting.  Tlie  public  has  free  access  except  where  special 
user  fees  arc  charged  for  the  use  of  well  developed  rec- 
reational facilities. 

Timber  from  the  national  forests  is  harvested  under 
term  timber  sale  contracts  by  private  logging  and  milling 
enterprises.  Rangelands  arc  used  by  ranchers  for  live- 
stock grazing  under  paid  perniit.s.  Most  of  the  grazing 
permits  are  10-ycrir  term  permits  to  assure  continued 
stability  to  the  agricultural  economy  dependent  upon 
this  resource.  Twenty-five  percent  of  the  income  from 
the  national  forests  and  national  grasslands  goes  to  the 
states  and  counties  wiicrc  the  forests  are  located  for 
public  roads  and  schools.  In  addition,  ten  percent  of  the 
income  is  returned  to  the  Forest  Service  for  construction 
and  maintenance  of  forest  roads  and  trails.  The  balance 
of  65  percent  goes  to  the  United  States  Treasury. 


Tlic  Forest  Serviix  gave  early  recognition  to  preserva- 
tion of  wilderness,  and  in  1924  the  agency  designated 
specific  areas  as  wilderness  areas  within  the  national 
forests.  The  initial  1.6  million  acres  of  the  Nattoril 
Wildcniess  Preservation  System  created  in  1964  are  in 
nine  national  forests  wildernesses,  previously  classified  as 
Wildernc.ss  and  Wild  Areas.  Another  900  thousand  acres 
of  the  national  forests,  set  aside  in  seven  Piimitivc  Areas, 
are  being  studied  for  possible  inclusion  in  the  Wilderness 
System  (table  7 and  plate  3).  The  wildernesses  are  an  in- 
tegral part  of  multiple  use  in  tltc  national  forests.  In 
management  of  these  units,  emphasis  is  placed  on  keep- 
ing and  restoring  the  natural  conditions  for  the  many 
people  who  seek  recreation  and  enjoyment  away  from 
civilization.  Mechanized  equipment  is  not  peimittcd.  e.\- 
cept  in  cases  of  emergency  involving  lives  or  property; 
trees  are  not  cut:  and  roads  and  all  developments  e.xcept 
foot  and  hor.se  trails  are  prohibited,  l-ishing.  hunting, 
camping,  hiking,  and  grazing  of  domestic  livestock  are 
permitted. 


Piihlic  Domain-  The  Bureau  of  Land  Management  man- 
ages the  remaintng  public  domain  lands  and  resources, 
the  basic  administrative  units  being  the  eleven  districts 
within  the  basin. 

Within  the  Mi.ssouri  Basin  there  are  18.5  million 
acres  of  publtc  domain,  located  princtpally  in  Montana. 
Wyotmng.  Colorado,  and  the  Western  Dakotas  The  basic 
Federal  management  objective  Tor  the.se  lands  is  to 
achieve  their  maximum  use  in  the  public  interest,  con- 
sistent with  comservation.  atid  with  development  of  the 
productivecapacity  of  the  renewable  resources  (table  S-5). 


The  traditional  concept  of  the  public  lands  as  a 
grazing  resource  only  is  gradually  being  broadened.  In 
the  Missouri  Basin  during  periods  of  proper  use.  these 
lands  support  1 .200.0(X)  cattle  and  twice  that  number  of 
sheep.  Over  I90.0(K)  big  game  animals  graze  the  lands, 
utilizing  forage  reserved  for  their  use.  Approximately 
26.0(X).000  board  feet  of  sawtimber  aie  cut  annually. 
There  are  an  estimated  1 .440.000  annual  recreation 
visits  to  the  public  domain.  This  includes  those  by 
sportsmen  who  harvest  some  17.000  antelope.  27.000 
deer.  53.000  upland  game  biids.  and  substantial  numbers 
of  other  game  and  fish.  Mineral  products  are  extracted  in 
quantity,  particularly  oil  and  gas;  37.5  percent  of  the 
revenue  derived  is  returned  to  the  state  of  origin.  52.5 
percent  to  the  Federal  Reclamation  Fund,  and  10.0  per- 
cent to  the  United  States  Treasury,  Public  land  water- 
sheds contribute  importantly  to  main-stem  Hows,  and 
their  vast  acreages  are  being  recognized  for  their  con- 
tributions to  the  "open  space"  philosophy. 

Public  domain  lands  are  managed  by  a decentralized 
organization  with  major  responsibility  delegated  to  its 
field  rcprescniative.s.  Fraincwoik  policies  cxpiessed  by 
Congre.ss  are  carried  out  to  stabilize  the  livestock  indus- 
tiy;  conserve  soil  and  othei  natural  resources,  to  utilize 
and  protect  tiinbei.  mineral,  and  other  resources,  en- 
courage such  multiple  uses  as  recreation  and  fish  a'  ' 
wildlife  utilization:  and  to  tnake  the  lands  availab'ic  for 
urban  occupancy  and  industrial  development.  Land 
classification  is  underway  on  a basmwide  scale  to  desig- 
nate areas  adapted  to  continued  Federal  retention  and 
inanagement.  for  use  and  preservation  of  their  public 
values,  and  to  identify  those  needed  in  special  local 
government  programs  and  those  best  suited  for  private 
owner.ship. 


Table  7 - NATIONAL  WILDERNESS  PRESERVATION  SYSTEM 


1 

Unit  1 

Area 

Location 

National  Forest 

1 Stale 

1 Subbasin 

(lb  ou  sand 

Wilderness  Areas: 

Acres) 

1 

Anaeomlii-Pinllar 

73  j 

Beaverhead 

! .Montana 

Upper  .Missouri 

Bob  Mar.sliall 

240  1 

l.ewis  & Clark 

, .Moniana 

Upper  Missouri 

Gales  of  tlie  Mountain 

29 

! Helena 

: Moniana 

Upper  Missouri 

North  Absaroka 

1 .3.SI  1 

1 Shoshone 

j \Vj  oininp 

i Yellowslone 

Souib  Abvaroka  j 

50b  ! 

! Shoshone 

: Wyominp 

Yellowstone 

Teton  ! 

279 

Shoshone 

' Wyoimnp 

' Yellow  Slone 

Bridgcr  i 

5 

Bridper 

' Wyominp 

^ Plalte-Niobrara 

Bawab  i 

27 

Roosevelt 

i Colorado 

j Plaite-Niobrara 

Mt.  Zirkcl  i 

54 

Routt 

("olor.ulo 

i Plattc-Niobrara 

Total  1 

1.564 

i 

Primitive  Areas:  1 

Spanish  Peaks  I 

50 

Gallatin 

.Montana 

[ Upper  .Missouii 

Absaroka  | 

64 

Gallatin  j 

.Montana  | 

Yellowslone 

Bearlootb 

175 

Custer 

.Moniana 

1 YelK'W  Slone 

.Stralitled 

204 

Shoshone  i 

Wyominp 

\ Yellowslone 

Giai’ier 

177 

Shoshone  ; 

W’\  ommp 

Yellowslone 

Popo  Apie 

70 

Shoshone 

W'jominp 

Yellowslone 

Cloud  Peak 

137 

Biphorn 

Wyominp 

Yellowslone 

Total 

'877 

Nalhnal  Parks  System-  Tlie  National  Parks  System  is 
composed  principally  of  areas  of  land  and  water  of  ex- 
ceptional scenic,  historic,  and  recreational  interest  and 
value.  In  the  national  parks,  all  established  by  acts  of 
Congress,  geological  features  and  all  plant  and  animal  life 
are  carefully  protected  The  Act  which  established  the 
National  Park  Service  directs  the  Service  to  administer 
the  areas  of  the  National  Parks  System  in  accordance 
with  the  fundamental  purpose  of  conserving  their 
scenery,  wildlife,  natural  and  historic  objects,  and 
provide  for  their  enjoyment  "in  such  manner  and  by  such 
means  as  will  leave  them  unimpaired  for  the  enjoyment 
of  future  generations.”  Tltey  are.  in  a .sense,  great  out- 
door mu.scums.  Only  such  developments  are  permitted 
as  are  needed  for  the  management,  protection,  and  ad- 
ministration of  the  areas,  or  are  required  for  the  comfort 
and  convenience  of  those  who  visit  them  for  the  lecrea- 
tion  and  inspiration  they  offer. 

All  animal  species  in  the  parks  receive  protection,  sub- 
ject to  necessary  controls.  Virgin  forests  remain  unloggcd 
to  go  through  their  natural  cycles.  Grazing  by  domestic 
livestock  is  limited  and  is  being  steadily  decreased;  the 
ultimate  objective  is  to  eliminate  it  completely.  National 
park  lands,  with  a few  e.xceptions  specifically  authorized 
by  Congress,  arc  not  subject  to  mineral  entry.  Impound- 
ment of  lakes  or  streams  for  irrigation,  hydroelectric 
power,  or  other  purposes  is  opposed  in  accordance  with 
the  principle  recognized  when  the  parks  and  monuments 
were  exempted  from  the  provisions  of  the  1920  Federal 
Power  Commission  Act.  The  basic  policy  is  to  preserve 
nature,  as  created,  and  to  provide  areas  for  visitor 
appreciation  and  use. 

The  National  Park  Service  administers  18  areas  in  the 
basin  (plate  2).  Three  categories  arc  used  to  classify  park 
installations;  Natural  areas,  historical  areas,  and  recrea- 
tional areas,  liach  year  these  properties,  covering  some 
2.3  million  acres,  are  enjoyed  by  more  and  more  people 
(table  S-5). 

hidiaii  Reservations-  Indian  land  within  the  MisMuni 
River  Basin  is  inimariiy  concentrated  within  ihe  reser- 
vation areas  shown  on  plate  2.  Title  this  land  is  held  in 
trust  by  the  United  States  Govcinment.  but  it  iNpiivate 
land  owned  cilhcr  by  Indian  tribes  or  by  iiulividii.il 
Indians.  Although  these  reservation  areas  were  at  one 
tune  almost  entirely  in  Indian  ownership,  land  sales  by 
individual  Indians  to  noii-liulums  have  resulted  in  many 
thousands  of  acres  on  the.se  ie.servations  now  being 
owned  in  lee  by  noii-lndians.  However,  almost  1 2 million 
acres  of  land  in  these  reservation  areas  remain  in  tribal  or 
individual  ownership  with  the  title  held  in  trust  by  the 
United  States.  The  acreages  of  Indian-owned  land  and 
Indian  populations  are  as  shown  in  table  8. 

As  a result  of  the  title  to  Indian  land  being  held  m 
Federal  trust,  these  lands  aie  exempt  from  taxation,  and 
because  of  this  exemption,  many  state  governnients  do 


Table  8 - INDIAN-OWNED  LAND  AND 


POPULATION  BY  RESERVATION 

1965 

1965 

Reservation  ! 

Suhbasin 

Indian-owned 

laind' 

Popula- 

tion 

Ill.icktcct  1 

Upper  Missouri 

(Acres) 

945.008 

(No.) 

6.600 

I'ort  Belknap  { 

Upper  .Missouri 

1 595.768  ’ 

1.635 

Fort  Peck  i 

1 Upper  Missouri 

1 890.975 

1 4.000 

Rocky  BoyN  ] 

i Upper  .Missouri 

107.612  ; 

880 

Crow  j 

1 Yellowstone 

1.574.230  i 

3.190 

N'urtticrn  1 

Qieycnnc  j 

' 

! Ycliowslone  ' 

433.227 

1 2.495 

Wind  River  | 

1 Yellow.stone 

1.887.372 

3.580 

Staiulinp  Rock  1 

! Wesiern  Dakota 

85 1 .866  ' 

! 4.640 

flicyennc  River 

Wisiern  Dakota 

1.456.634 

3,840 

l-ort  Bertliold* 

Weslein  Dakota 

j 275.927  , 

; 1.080 

t.ovver  Brule  , 

W'eslern  Dakota 

! 100.117  j 

[ 570 

Pine  Ridge  | 

Western  Dakota 

1 1.501.394 

1 9.600 

Rosebud  ; 

Wesiern  Dakota 

1 938.457 

1 5.200 

Yanklon 

l asicrn  Dakota 

1 35.506 

1.320 

Crow  Creek 

L.isiern  Dakota 

1 107.370 

, 1.140 

I'orl  Bertliold' 

l asiern  Dakota 

I 148.576 

1.620 

j 

l'.i<  tern  Dakota 

j 38.000 

1 770 

San  lee  ' 

Middle  Missouri  ; 

1 5.802 

320 

Omaha  i 

Middle  .Missouri 

j 27.703 

1.090 

Wii'.nebago  ! 

Middle  Missomi 

29.368 

750 

Iowa  j 

.Middle  Missouri 

1.463 

1 235 

Sac  and  box  ' 

.Middle  Missouri 

119 

: 30 

kic'k.ipoo 

Kansas 

4.949 

565 

Poiavvalomi 

Kansas 

21.485 

980 

.Missouri  Basin 

11.978.928 

56.1.30 

't<H.iu-il  III  two  Mihli.isiiis.  anil  l.iiiil  .itiM  anil  popiiliilion 
ilMtilniU  J .iii.iirilini:l\ . 

t Xiri-s  III  liiiiil  im Ill'll  In  liiiiians.  tin  lillo  of  Mini'll  is  lu'ld  in 
trust  In  tin-  I'liilcil  Sl.iU's  CmiTiiini'iit. 

-i(i'M'rvatiiiii  laiiil  aii'.i  anil  pnpiilalion  miiIiiii  iIio  liiilrolopic 
Iniiiiiilars  111  till'  lasti'tn  Dakota  I riliiitarii's  Subbasin,  com- 
pan's  Mitli  a tola!  ol  l()S.(>2l  .iiri's,  ami  2.37S  popiilalion  in 
till' I'lilifi' ii'svrialion  isi'i' plali'  2) 

not  piovide  ihcii  Indian  citizens  all  of  the  services  that 
are  provided  for  other  citizens.  In  its  role  as  trustee  for 
Indian  lands,  the  Federal  Government,  tluough  the 
Bureau  of  Indian  Affairs  (BIA)  generally  performs  the 
following  funciions:  (a)  supervises  the  leasing  of  both 
tnbally  owned  and  individually  owned  lands;  (b)  super- 
vises the  issuaiKc  of  fee  patents  to  individually  owned 
lands  that  .tie  sold  to  noii-lndiaiis.  (c)  supervises  the  sale 
ol  Indiau  timber,  (d  I supervises  mineral  leasing  (including 
oil  and  gas),  (e)  .issists  in  guarding  against  trespass  on 
Indian  lands,  (f)  develops  .iiid  carries  out  land  and  water 
conseivatum  programs,  (g)  assists  m limber  and  range 
maiugemciii.  (h)  maintains  records  of  land  titles,  sales, 
and  exchanges,  and  (i)  receives  and  distributes  income 
fiom  surf.ice  leases,  miiieial  leases,  timber  s.iles.  and 
other  sources. 

In  addition  to  the  direct  land  management  activities, 
speci.il  piogiains  of  the  Bineaiiol  Indian  Affairs  include 
activities  in  education,  social  vvelfare.  law  and  order, 
credit,  housing,  employment  assistance,  load  construc- 
tion and  maiiiteiiaiice.  irrigation  development  and  man- 
.igemeiit.  and  other  phases  ol  economic  development. 
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The  U.  S.  Public  Health  Service  provides  medical  facili- 
ties and  other  health  oriented  services.  These  programs 
stem  from  the  trust  relationship  and  the  tax  exempt 
status  of  Indian  land. 

The  Bureau  of  Indian  Affairs’  role  is  that  of  supply- 
ing to  the  Indian  people  the  technical  ser\'ices  provided 
to  non-Indians  by  other  agencies.  In  nearly  all  of  these 
activities  the  Bureau  works  closely  with  the  tribal  gov- 
ernments and  is  aware  that  attainment  of  the  Indian’s 
objectives  will  require  the  efforts  of  many  agencies  of 
both  Federal  and  State  government. 

Reclamation  Projects-  The  Bureau  of  Reclamation 
manages  Federal  lands  that  have  been  withdrawn  and 
acquired  for  reclamation  purposes.  Multi-purpose  manage- 
ment of  these  lands  includes  management  for  water 
storage,  irrigation,  and  municipal  water  supplies,  recrea- 
tion, fish  and  wildlife,  power,  and  project-service  facili- 
ties (table  S-5). 

The  operation  and  maintenance  of  the  system  of 
works,  including  associated  lands  for  rights-of-way, 
normally  is  turned  over  to  a local  sponsor  as  soon  as 
practicable  after  the  project  works  have  been  tested. 
Annual  or  periodic  joint  inspections  with  district  per- 
sonnel help  assure  attention  to  proper  operation,  mainte- 
nance, and  general  management  of  the  project  works  and 
lands.  Operation  of  power  facilities  and  sometimes  dams, 
reservoirs,  supply  canals,  and  associated  lands  remains 
with  the  Bureau. 

Flood  Control  Projects-  Tlte  Corps  of  Engineers.  De- 
partment of  the  Army,  manages  certain  lands  that  were 
acquired  primarily  for  flood  control  and  for  water  re- 
•source  development  purposes.  These  lands  are  managed 
for  multiple-purpose  use  tliat  ijicludes  management  for 
river  flow  control,  flood  control,  power  development, 
navigation,  irrigation,  municipal  water  supply,  recreation, 
and  fish  and  wildlife. 

Civii  work  lands  are  also  administered  by  the  Corps  of 
Engineers.  These  consist  of  over  two  million  acres  of  land 
that  were  acquired  primarily  in  fee  or  transferred  from 
public  domain  for  the  construction  and  operation  of 
water  resource  development  projects,  mostly  reservoirs. 
Althougli  the  basic  responsibility  for  management  of 
project  lands  rests  with  the  Corps  of  Engineers,  Federal, 
State,  and  local  governmental  agencies  do  manage  por- 
tions of  the  areas  for  various  purposes  including  recrea- 
tion and  fish  and  wildlife.  Some  project  lands  arc  also 
made  available  by  lease  to  private  parties  for  agricul- 
tural purposes  (table  S-5). 

Military-  Military  branches  of  the  Department  of  De- 
fense own  and  administer  military  areas  such  as  Fort 
Leonard  Wood,  air  bases,  missile  sites,  and  military 
cemeteries.  Specific  administration  is  by  the  respective 
Department  (Army.  Navy,  or  Air  Force)  that  is  using  the 
land  (table  S-5). 


Military  Uses  Forest  And  Rangelands 
For  Bivouac  And  Training  Areas 


Agricultural  Research-  The  Agricultural  Research  Ser- 
vice conducts  research  relating  to  the  production,  utiliza- 
tion, and  marketing  of  agricultural  products,  and  to  the 
control  and  eradication  of  pests  and  plant  and  animal 
diseases.  It  also  conducts  related  research  with  respect  to 
quarantine  and  to  regulatory  activities  in  marketing  of 
farm  products. 

To  carry  out  these  assignments,  the  Agricultural  Re- 
search Service  administers  and  manages  several  tracts  of 
land  in  the  Yellosvstone,  Western  Dakota,  Platte-Niobrara, 
and  Kansas  subbasins  (see  table  S-3).  These  lands  include 
those  withdrawn  from  the  original  public  domain,  lands 
acquired  under  Title  111  of  the  Bankhead-Jones  Farm 
Tenant  Act  (7  U.S.C.  1010  et  seq.),  and  lands  acquired 
for  research  purposes. 

Fish  and  Wildlife-  The  Bureau  of  Sport  Fisheries  and 
Wildlife  administers  tracts  of  Federal  lands  and  waters  in 
all  subbasins  (sec  table  S-5).  These  include  65  National 
Wildlife  Refuges,  10  National  Fish  Hatcheries,  and  250 
Waterfowl  Production  Areas  (see  plate  2).  Management 
objectives  are  perpetuation  of  fish  and  wildlife  species 
and  the  use  and  enjoyment  of  the  fish  and  wildlife 
resources. 

Tlie  National  Wildlife  Refuges  contain  409,600  acres. 
They  arc  managed  for  migratory  birds,  resident  wildlife, 
endangered  species,  fisli,  and  for  the  public  enjoyment  of 
natural  resources.  A principal  purpose  of  the  fish  hatch- 
eries is  to  enhance  sport  fishing  through  propagation  and 
distribution  of  fish.  Also,  the  Bureau  of  Sport  Fisheries 
and  Wildlife  administers  250  tracts  of  Waterfowl  Pro- 
duction Areas  containing  in  all  48.000  acres.  Tlicse  areas 
were  acquired  and  arc  managed  to  provide  the  best  pos- 
sible conditions  for  wildlife.  The  Bureau  also  administers 
about  ! .400  acres  in  miscellaneous  tracts  acquired  for 
specific  fish  and  wildlife  purposes. 
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CHAPTER  3 


LAND  CLASSIFICATION  AND  INVENTORY 


LAND  RESOURCE  CATEGORIES 

Information  concerning  land  as  a resource  for  agri- 
culture, forestry,  recreation,  wildlife,  and  other  uses  in 
the  basin  has  been  assembled  and  classified  in  a national 
system  that  places  all  areas  in  the  general  categories  of 
land  resource  regions,  major  land  resource  areas,  land 
capability  classes,  and  land  capability  units. 

Land  resource  regions  are  geographically  associated 
major  land  resource  areas.  They  divide  the  United  States 
into  20  physiographic  regions  which  are  sufficiently  uni- 
form to  be  significant  for  national  planning.  Parts  of 
seven  regions  are  in  the  Missouri  Basin  (figure  II).  Table 
9 lists  the  land  resource  regions  of  the  basin  with  a brief 
description  of  the  physical  and  climatic  characteristics 
and  princioal  crops. 

Major  land  resource  areas  (LRA)  are  subdivisions  of 
land  resource  regions  and  are  defined  as  broad  geo- 
graphic areas  having  similar  soil,  climatic,  geologic,  veg- 
etative, and  topographic  features.  In  the  United  States 
there  are  156  such  areas,  of  which  all  or  parts  of  40  are 
found  in  the  Missouri  River  Basin.  Table  10  lists  the  land 
resource  areas  of  the  basin  along  with  a very  brief  des- 
cription of  the  soils. 

The  land  of  the  Missouri  River  Basin  has  a wide  range 
of  climatic  and  soil  conditions  and  therefore  a wide  range 
in  capacity  for  agricultural  use.  The  National  Inventory 
of  Soil  and  Water  Conservation  Needs  (CNl),  1958, 
USDA  was  used  in  developing  acreages  of  land  capa- 
bilities. Data  from  soil  surveys  were  used  in  classifying 
the  land.  The  inventory  provides  three  major  categories 
of  land  capabilities:  (1)  land  capability  class,  (2)  land 
capability  subclass,  and  (3)  land  capability  unit. 

Of  the  312  million  acres  of  agricultural  land  in  the 
basin,  273  million  acres,  which  includes  all  privately 
owned  land  and  all  other  land  used  for  crop  production, 
were  classified  into  Department  of  Agriculture  land 
capability  units  and  classes.  Land  capability  units  (LCU), 
traditional  soil  classification  nomenclature,  and  the 
smallest  subdivision  used  in  the  study,  are  defined  as  “A 
grouping  of  one  or  more  individual  soil  mapping  units 
having  similar  potentials  and  continuing  limitations  or 
hazards.  The  soils  are  sufficiently  uniform  to  produce 


similar  crops,  require  similar  conservation  treatment,  and 
have  comparable  productivity.”  Units  are  grouped  into 
land  capability  classes  and  subclasses  by  subbasins  in 
table  S-54. 

The  land  capability  classes  indicate  potential  for 
cultivation  or  other  use  and  the  intensity  of  soil  prob- 
lems. The  risk  of  soil  damage  or  the  limitations  in  use 
become  progressively  greater  from  Class  1 to  Class  VIII. 
Land  in  Classes  I through  III  is  suitable  for  regular  culti- 
vation and  a wide  range  of  other  uses;  land  in  Class  IV  is 
marginal  for  cultivation;  and  land  in  Classes  V through 
VIII  is  generally  suitable  for  noncrop  uses  only.  These 
land  classifications  are  defined  in  figure  12. 

Tire  land  capability  subclasses  are  groups  of  capability 
units  within  land  capability  classes  that  have  the  same 
kind  of  dominant  limitations  for  agricultural  use.  There 
are  four  subclasses  of  limitations  designated  by  small 
letter.  There  ate  no  subclasses  in  Class  1.  The  subclasses 
are  defined  in  figure  12. 

In  order  to  estimate  the  potential  agricultural  pro- 
duction capacity  of  the  basin  for  study  purposes  from 
available  soils  information  and  Conservation  Needs 
Inventory  data,  it  was  necessary  to  group  soils  of 
similar  production  capability  rather  than  the  traditional 
groupings  of  soils  that  emphasize  erosion  problems, 
climatic  factors,  and  topographic  features.  Soil  resource 
groups  (SRG)  reflect  this  similarity  in  production  poten- 
tial and  aie  defined  as  “A  grouping  of  land  capability 
units,  or  soils  that  have  similar  cropping  patterns,  yield 
characteristics,  response  to  fertilizer,  management,  and 
land  treatment  measures.”  Tliis  classification  transcends 
land  resource  regions,  land  resource  areas,  and  political 
boundaries.  Present  and  projected  yields,  cropping  pat- 
terns, production  costs,  and  other  production  data  were 
developed  for  soil  resource  groups.  By  using  a 3-digit 
numbering  system,  the  SRG  groupings  lend  themselves 
to  machine  data  processing  and  the  production  informa- 
tion can  be  aggregated  or  disaggregated  in  accordance 
with  study  requirements.  Table  S-4S  describes  the  soil 
resource  groups.  Land  capability  units  arc  listed  by  soil 
resource  groups  in  the  Statistical  Supplement  of  this 
Appendix. 
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FIGURE  11 

LAND  RESOURCE  REGIONS  AND 
MAJOR  LAND  RESOURCE  AREAS 
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Table  9-  LAND  RESOURCE  REGIONS,  MISSOURI  BASIN 


XBS=ssassBz:^=s=sssss=^BS=s=ss= 

Land  Resource  Region 

Description 

D.  Western  Range  and 
Irrigated  Region 

This  is  a scinidcsert  region  of  plateaus,  plains,  basins,  and  isolated  mountain  range.s.  The  annual 
precipitation  is  10  inches  or  less  over  most  of  the  plains  and  basins  but  more  than  SO  inches  on 
some  of  the  higher  mountains.  Approximately  SO  percent  of  the  precipitation  falls  during  the 
growing  season.  Average  annual  temperatures  in  most  of  the  re^on  are  40“  to  .SO”  IL.  but  they 
range  from  35°  !•'.  at  the  higher  elevations  to  more  than  70®  F.  on  the  plains.  The  free/.e-ftee 
season  ranges  from  less  than  90  days  in  the  north  and  in  some  of  the  higher  mountains  to  more 
than  120  days  on  the  plains. 

.Much  of  the  land  in  this  region  is  used  for  range,  but  irrigation  agriculture  is  practiced  where 
water  is  available  and  soils  are  favorable.  Feed  erops'for  livestock  occupy  most  of  the  irrigated 
land,  and  peas,  beans,  and  sugar  beets  are  grown  in  many  places. 

E.  Rocky  Mountain  Range  and 
Forest  Region 

Ru^cd  mountains  arc  the  dominant  feature  of  this  region,  but  there  are  some  broad  valleys  and 
remnants  ofhigh  plateaus.  The  annual  precipitation  ranges  from  20  to  40  inches  over  much  of 
the  region,  but  it  is  less  than  10  inches  in  .some  valleys  and  SO  inches  or  more  on  some  of  the 
mountain^aks.  Average  annual  temperatures  are  mostly  40°  to  45°  F..  but  they  range  from 
35°  to  50°  I'.  The  frcczc-frcc  season  is  100  to  140  days  in  most  valleys  and  basins  but  decreases 
to  40  days  or  less  in  the  high  mountains  where  frosts  occur  every  month  of  the  year.  Some  of 
the  highest  mountains  are  covered  by  glaciers  and  have  permanently  frozen  ground.  Foothills  in 
the  southern  part  have  a freeze-free  season  as  long  as  160  days. 

Grazing  is  the  leading  land  use  in  both  valleys  and  mountains,  but  lumbering  is  important  in 
some  of  the  forested  mountain  areas.  Recreation  is  an  important  land  use  throughout  the  region, 
irription  agriculture  is  practiced  in  some  of  the  valleys  and  dryfarming  in  other.s.  Grain  and 
forage  for  livestock  arc  the  main  crops;  beans,  sugar  beets,  peas,  and  seed  crops  arc  also  grown 
where  soils,  climate,  and  markets  are  favorable. 

F.  Northern  Great  Plains  Spring 
Wheat  Region 

The  fertile  soils  and  the  dominantly  smooth  topography  of  this  region  arc  favorable  for  agri- 
culture, but  the  low  rainfall  and  short  growing  season  severely  restrict  the  crops  that  can  be 
grown.  The  annual  precipitation  ranges  from  1 0 to  24  inches,  and  a large  part  of  it  occurs  during 
the  growing  .season.  Average  annual  temperatures  are  40*^  to  45*^  F.  over  most  of  the  region. 
The  frccze-frec  season  ranges  from  100  to  145  dayincreasing  in  length  from  north  to  south. 

Tlie  production  of  spring  wheat  by  dryfarming  methods  dominates  the  agriculture  of  the  region. 
Other  spring  grains,  flax,  and  hay  are  also  grown.  Potatoes  arc  grown  in  many  places,  and  .sugar 
beets  and  corn  arc  important. 

G.  Western  Great  Plains  Range 
and  Irrigated  Region 

In  this  .section  of  the  Great  Plains  unfavorable  soils,  strong  slopes,  or  low  moisture  supplies 
make  success  at  dryfarming  very  uncertain.  The  annual  precipitation  ranges  from  11  to  24 
inches  but  fluctuates  widely  from  year  to  year.  Average  annual  temperatures  arc  45''  1'.  in 
much  of  the  region,  but  they  range  from  40"  F.  in  the  north  to  60"  IL  in  the  south.  The  freeze- 
free  season  ranges  from  100  days  in  the  north  to  160  days  in  the  south. 

A large  part  of  the  region  is  in  range;  .some  wheat  is  produced  by  dryfarming  methods,  mainly 
along  the  eastern  margin.  Irrigation  agriculture  is  practiced  along  some  of  the  major  rivers. 
Forage  and  grain  for  livestock  arc  the  principal  crops  on  irrigated  land;  potatoes,  sugar  beets, 
and  vegetable  crops  arc  important  locally. 

II.  Central  Great  Plains 
Winter  Wieat  and 
Range  Region 

Soils,  topography,  and  climate  are  more  Lrvorable  for  agriculture  in  this  region  than  in  ib.e 
Great  Plaitis  to  the  north  and  west.  The  longer  freeze-free  season  permits  a greater  variety  of 
crops  to  be  grown  than  in  the  northern  Great  Plains,  'fire  average  annual  precipitation  is  20  to 
30  inches  over  much  of  the  region  but  ranges  from  15  to  35  inches,  increasing  from  northwest 
to  southeast.  More  rain  falls  during  sumnter  than  in  the  rest  of  the  year.  Average  annual  temper- 
atures are  50"  to  65°  F..  increasing  from  north  to  south.  ’lire  free/.e-free  season  is  170  to  180 
days  iit  most  of  the  region. 

Cash-grain  farming  with  wheat  as  the  principal  crop  is  the  u'ajor  agricultural  enterprise  on  most 
of  the  better  soils.  Grain  sorghum  is  grown  in  many  of  the  drier  areas.  The  steeply  sloping 
shallow  and  sandy  soils  are  used  for  range. 

M.  Central  Feed  Grains  and 
Livestock  Region 

Fertile  soils  and  favorable  climate  make  this  one  of  the  outstanding  grain-producing  regions  of 
the  world.  The  annual  precipitation  is  25  to  35  inches  over  much  of  the  region  but  ranges  from 
20  inches  in  the  extreme  northwest  to  45  inches  along  the  eastern  and  southeastern  fringe. 
Somewhat  more  than  half  falls  during  the  growing  season.  Average  annual  temperatures  are  45" 
to  55"F.  in  much  of  the  region  but  range  from  40"  F.  in  the  extreme  northwest  to  60"  F'.  in 
the  sou  tlieast.  The  free/e-free  season  is  1 40  to  180  d.iys  in  most  of  the  region. 

Corn,  soybeans,  oats,  and  other  feed  grains  arc  the  most  extensively  grown  crops,  Hay,  winter 
wheat,  and  many  other  crops  arc  grown  also.  Much  of  the  gram  is  fed  to  beef  cattle  and  hogs  on 
the  farms  where  it  is  grown,  but  a large  amount  is  shipped  to  other  regions  lor  livestock  feed. 
Part  of  the  grain  is  processed  for  food  and  for  industrial  uses. 
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Table  10  (Continued) 


I 


Land  RcMuice  Area 


Soil 


G WESTCRN  GREAT  PLAINS  RANGE  AND  IRRIGATCD  REGION  (Continued) 


64  - Mixed  Sandy  and  Silly 

Tableland 

65  - Nebraska  Sand  Hills 


66  - Dakola-Nebraska  Eroded 

Tableland 

67  - Central  High  Plains 


68  - Irrigated  Upper  Platte 
River  Valley 


Chestnuts  arc  the  dominant  soils  with  bands  of  Lithosols  and  Regosols  running  through.  Alluvial 
soils  on  floodplains  arc  of  small  total  extent. 

Stabilized  dunes  that  have  little  evidence  of  soil  formation  except  a slight  darkening  of  the 
upper  two  or  tlircc  inches  occupy  nearly  one-third  of  the  area.  Regosols  and  Humic  Gley  soils 
make  up  the  rc.st  of  the  area. 

Sandy  and  silty  Chernozems  occupy  most  of  the  gentle  slopes  and  clayey  Qiernozems  occupy 
the  rolling  hills.  Rrunizems  arc  in  sandy  areas  with  better  moisture  supplies  and  Regosols  on  the 
more  sloping  sandy  areas. 

Brown  and  iTicstnut  soils  arc  dominant  on  gentle  slopes  and  Lithosols  and  Regosols  arc  on  the 
steeper  slopes.  Alluvial  soils  arc  on  tlic  narrow  floodplains  of  the  larger  streams. 

Brown  soils  and  Chestnut  soils  arc  the  principal  ones.  I.iihosols  arc  on  the  more  sloping  areas. 
Alluvial  .soils  on  floodplains  and  younger  fans  arc  among  the  more  important  soils  for  crops. 


H CENTRAL  GREAT  PLAINS  WINTER  WHEAT  AND  RANGE  REGION 


71  - Central  Nebraska  Loc.ss  Hills 

72  - Central  High  Tableland 

73  - Rolling  Plains  and  Breaks 

74  - Central  Kansas  Sandstone  Hills 

75  - Central  Loess  Plains 

76  - BUicstcm  Hills 


Oicrnozcms  arc  dominant  on  gentle  slopes  of  uplands  and  terraces  and  Regosols  on  steep 
slopes.  Solonctz  soils  occupy  small,  neatly  level  arcus  or  terraces;  their  total  area  is  small,  but 
they  are  conspicuous  and  affect  the  use  and  management  of  adjacent  soils. 

Gicstnut  soils  occupy  half  or  more  of  the  area.  Regosols  and  LiUtosols  arc  on  steep  slopes. 

Cherno/ems  in  moderate  to  deep  loess  cover  much  of  the  area.  Regosols  arc  on  the  steep  slopes 
bordering  many  of  the  valleys.  Alluvial  .soils  are  on  the  floodplains  of  tlic  larger  streams. 

Brunizems  arc  the  dominant  soils  with  Lithosols  on  the  steeper  slopes.  Chernozems  and  Alluvial 
soils  also  occur. 

Cliernozcms  are  dominant  with  Planosols  also  occurring.  Regosols  arc  on  strongly  sloping  valley 
sides  and  Alluvial  .soils  on  floodplains. 

Lithosols  are  very  extensive.  Brunizems  and  Planosols  are  in  tlte  more  deeply  weathered  clays, 
shales  and  limestones  of  nearly  level  and  gently  .sloping  upland.  Alluvial  soils  arc  on  the  flotxl- 
plains  of  the  larger  streams. 


M CENTRAL  FEED  GRAINS  AND  LIVESTOCK  REGION 


102  - Loess,  Till,  and  Sandy 

Prairies 

103  - Central  Iowa  and  Minnesota 

Till  Prairies 

106  - Nebraska  and  Kansas 

l.oc.ss-Drift  Hills 

107  - Iowa  and  Missouri  Deep 

Loc.ss  Hills 

108  - Illinois  and  Iowa  IX'cp 

Loc.ss  and  Drift 

109  - Iowa  and  .Missouri  Heavy 

Till  Plain 

112  - Cherokee  Prairies 

1 13  - Central  Claypan  Areas 

115  - Central  Mississippi  Valley 
Wooded  Slopes 


Oicrnozcms  arc  dominant  in  tlie  north.  Regosols  and  Humic  Gley  and  Solonctz  soils  are 
evtcnsivc.  Alluvial  soils  arc  on  the  floodplains. 

Brunizems-  and  Gray-Brown  Podzolic  soils  are  dominant.  Associated  soils  on  wet  flats  and  in 
depressions  are  Humic  Gley  soils. 

Brunizems  arc  the  major  soils.  Regosols  arc  on  the  steep  slopes  wiiilc  Humic  Gley  .soiK  are  on 
the  relatively  narrow  wet  bottomlands  along  most  streams, 

Bninizcms  arc  the  major  soils.  Regosols  arc  c.xicnsivc.  Gray-Brown  Podzolics  occur  where  there 
is  more  moisture.  Alluvial  and  Humic  Gley  soils  arc  on  the  low  lands. 

Brunizems  arc  the  dominant  soils.  Gray-Brown  Podzolic  soils  are  on  the  steep  .slopes  of  valley 
sides.  Alluvial  soils  arc  on  the  broader  floodplains. 

Brunizems  arc  the  principal  soils.  On  the  broad  uplands  arc  Planosols  and  Humic  Gley  soils. 
Alluvial  .soils  and  Humic  Gley  soils  arc  on  the  floodplains. 

Planosols  arc  the  dominant  .soils.  Rendzinas  and  Lithosols  arc  on  the  more  sloping  land.  Alluvial 
soils  and  low  Humic  Gley  .soils  arc  on  the  floodplains. 

Planosols  with  claypan  are  the  major  soils.  On  hilly  ground  Gray-Brown  Podzolic  soils  arc 
dominant,  and  on  the  floodplain  are  Alluvial  soils  and  Humic  Gley  .soils. 

Gray-Brown  Podzolic  soils  are  dominant.  Alluvial  .soils  and  Humic  Gley  soils  on  level  flood- 
plains  ate  important. 


N EAST  AND  CENTRAL  GENERAL  FARMING  AND  FOREST  REGION 
1 16  - Ozark  HiglilamI  Red-Yellow  Pod/olic  soils  occupy  much  of  the  area. 
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I MAJOR  LAND  USE  CATEGORIES  the  percentage  distribution  and  table  1 2 shows  the  major 

uses  of  agricultural  land  by  subbasins. 

Agriculture  Grazing  on  pasture,  range,  and  forest  lands  is  the 

largest  major  use  in  the  basin,  and  189  million  acres  or 
■Approximately  312  million  acres  or  about  95  percent  aljout  ^1  percent  of  the  area  is  devoted  to  this  use.  The 

of  the  land  area  in  the  Missouri  River  Basin  is  used  for  *’>ghest  proportion  of  grazing  occurs  in  the  Upper  Mis- 

some  agricultural  purpose.  With  the  c.\ccption  of  parts  of  souri,  Yellowstone.  Western  Dakota,  and  Platte-Niobrara 

the  Lower  Missouri  Subbasin,  the  eastern  portion  of  the  subbasins  where  more  than  two-thirds  of  the  area  is  pas- 

basin  has  the  higliest  intensity  of  cultivation.  In  general.  lute  and  grazed  woodland  and  range.  In  the  Eastern 

the  proportion  of  cropland  declines  from  cast  to  west  Dakota,  Kansas,  and  Lower  Missouri  subbasins,  approxi- 

c.xccpt  where  conditions  arc  favorable  for  wheat  pro-  matcly  40  percent  of  the  land  is  in  pasture  and  range,  and 

duction  or  where  irrigation  is  practiced.  Table  1 1 shows  in  the  Middle  Missouri  it  is  about  20  percent. 

Table  11  - MAJOR  LAND  USE,  PERCENT  DISTRIBUTION  OF  TOTAL  AREA 
DEVOTED  TO  AGRICULTURAL  PRODUCTION,  BY  MAJOR  USE 
AND  SUBBASINS,  CURRENT  INVENTORY 


l^sture  and  Forest  and  Other  Agric. 

Subbasin  Cropland  Range  Woodland  Land  Total' 


Upper  Missouri 

21 

69 

(Percent) 

14 

1 

105 

Yellowstone 

8 

81 

14 

~ 

103 

Western  Uukotu 

20 

77 

5 

1 

103 

Eastern  Dakota 

61 

37 

1 

2 

101 

Platte-Niobrara 

26 

70 

8 

t 

105 

Middle  .Missouri 

75 

20 

5 

3 

103 

Kansas 

60 

38 

2 

2 

102 

Lower  Missouri 

42 

43 

24 

3 

102 

Missour"  Basin  I 

33 

61 

9 

1 

104 

Irrigated  Cropland;  Bench  Leveling  With  Adjacent  Windbreak  And  Farmstead 
Table  12  - INVENTORY  OF  LAND  PRODUCING  AGRICULTURAL  PRODUCTS,  BY  SUBBASINS 


Private  Agricultural  Land: 
Cropland 

(Irrig.  Cropland)' 
Pasture  and  Range 
(Irrig.) 

Forest  and  Woodland 
(Grazed  by  Livestock) 
Otlicr  Agriciilturai  Land 
Total  Private  Agricultural  Land 
Other  Forest  Land 
Federal  Land  Producing 
Agriciilturai  Products 
(Grazed  by  Livestock) 
(Forest) 

Total  Agricultural  Land 


Upper 

Missouri 


10,710 

(953) 

25,522 

(149) 

1,964 

(1,356) 

254 

38,450 


11,932 

(8,134) 

(5,247) 


Yellowstone 


Clliousand  Acres) 
I 

3,374 

(1,031) 

24,333 

(157) 

1,550 

(1,357) 

91 

29,348 


13,804 

(9,433) 


Western 

Dakota 


9,295 

(198) 

31,677 

(11) 

977 

(908) 

209 

42,158 


5,131 

(3,915) 

(1.486) 


Platte- 

Niobrara 

Middle 

Missouri 

Kansas 

Lower 

Mis,souri 

(Ihoutiand  Acres) 

15,6.14 

11,219 

22,341 

10.208 

(2,784) 

(103) 

(1.703) 

(5) 

35,147 

2,485 

13,619 

7,334 

(202) 

- 

“ 

1,936 

631 

597 

5,788 

(1.410) 

(560) 

(382) 

(3.103) 

621 

447 

552 

793 

53,338 

14,782 

37.109 

24,123 

118 

4 

“ 

7,449 

1 

69 

177 

(6,037) 

« 

(49) 

(7) 

(2.952) 

(1) 

(20) 

(170) 

60,787 

14,901 

37.182 

24,300 

3 


Mis.souri 


Private  Agricultural  Land: 
Cropland 

(Irrig.  Cropland)' 
Pasture  and  Range 
(Irrig.) 

Forest  and  Woodland 
(Grazed  by  Livestock) 
Otlicr  Agricultural  Land 
Total  Private  Agricultural  Land 
Other  Forest  Land 
Federal  Liind  Producing 
Agricultural  Products 
(Grazed  by  Livestock) 
(Forest) 

Total  Agricultural  Land 


■ Includes  irng.iled  cronl  -iul  in  Bure.iu  of  Keclum.ilion  pru)ecl\  under  coiistruelion  or  funded  fur  cunslru-.  tnin. 


r 
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Total  cropland  in  the  basin  is  estimated  at  104  million 
acres  or  33  percent  of  agricultural  land  (table  12).  The 
Middle  Missouri  Subbasin  is  most  intensively  farmed  with 
about  75  percent  of  the  area  devoted  to  crops.  The 
Eastern  Dakota  and  Kansas  subbasins  are  60  percent 
cropland,  the  Lower  Missouri  Subbasin  42  percent,  and 
the  Yellowstone  Subhasin  eight  percent  cropland. 

Seven  percent  of  the  cropland  in  the  basin  is  irrigated. 
The  Platte-Niobrara  Subbasin  has  the  largest  area  of  ir- 
rigated acreage,  2.8  million  acres.  Other  important  areas 
of  irrigation  are  in  the  Kansas  Subbasin  with  1 .7  million 
acres,  and  the  Upper  Missouri  and  Ycllow.stone  subbasins 
with  approximately  one  million  acres  each.  Smaller  areas 
of  irrigation  are  found  in  the  Western  Dakota  and  Middle 
Missouri  subbasins. 

Forest  and  woodlands  are  estimated  at  28  million 
acres,  much  of  which  are  also  grazed.  Forest  and  wood- 
land arc  important  in  tlic  Lower  Missouri  Subbasin,  with 
24  percent  of  the  agricultural  land  in  this  category,  and 
in  the  Yellowstone  and  Upper  Missouri  subbasins  where 
14  percent  of  the  agricultural  land  is  classified  as  forests. 
Forest  and  woodlands  are  less  important  in  the  other 
subbasins  but  have  some  .significance  in  each  subbasin. 

There  are  about  38.7  million  acres  of  federally  owned 
lands  in  the  agricultural  land  category.  These  lands  are 
largely  in  the  mountains  and  in  the  western  plains 
areas.  Two^hirds  of  the  publicly  owned  lands  are  located 


in  the  Yellowstone  and  Upper  Missouri  subbasins  where 
Federal  ownership  comprises  32  and  24  percent  of  the 
agricultural  land  respectively.  The  remaining  acreage  is 
largely  in  the  Platte-Niobrara  and  W'estern  Dakota  sub- 
basins where  public  ownership  of  agricultural  land  is  12 
and  1 1 percent  respectively. 

Federally  owned  lands  were  inventoried  in  respect  to 
their  contribution  to  agricultural  output.  No  attempt  was 
made  to  inventory  the  conditions  and  quality  or  to  pro- 
ject the  potential  capacity  of  this  land.  Two  uses  were 
inventoried:  grazing  and  forestry.  This  level  of  use  was 
held  constant  for  all  time  periods  in  the  analysis  of  future 
production  capacity  of  agricultural  lands. 

Privately  owned  agricultural  land  in  the  basin  is  esti- 
mated at  273.7  million  acres.  This  inventory  was  ad- 
justed for  water  resource  development  projects  funded 
or  under  construction  and  assumed  in  place.  These  ad- 
justments in  land  use  and  availability  and  the  resulting 
effects  on  production  were  taken  into  account  in  esti- 
mating the  land  base  available  for  agricultural  production 
purposes. 

Data  from  the  Corps  of  Engineers  and  Bureau  of 
Reclamation  were  used  to  adjust  the  current  normal 
land  base  for  large  reservoirs  funded  for  construction  or 
constructed  after  the  inventory  was  made.  Table  13 
shows  the  reficrvoirs  that  were  assumed  to  be  in  place 
and  the  adjustments  that  were  made  in  the  land  base. 


Forested  Areas  Produce  Timber  Products,  Wildlife  Habitat,  And  Forage  For  Livestock 
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Other  Agricultural  Land  Includes  Farmsteads,  Farm  Roads,  and  Irrigation  Facilities 


Table  13  - LAND  REMOVED  FROM  THE  LAND 
BASE  FOR  RESERVOIRS  FUNDED  OR  UNDER 
CONSTRUCTION,  BY  LAND  RESOURCE  AREA 


Reservoir 

Acres 

Land  Resource 
Area 

Milford 

44,500 

75 

Perry 

39,300 

106 

Mclvern 

19,700 

115 

Harry  S.  Truman 

140,000 

115 

Harry  S.  Truman 

14,300 

116 

Stockton 

58,700 

116 

Rathbun 

33,900 

109 

Glen  Elder 

13,600 

73 

Giatficid 

6,100 

68 

Total 

370.100 

Data  from  the  Bureau  of  Reclamation  were  used  to 
adjust  the  land  base  for  the  amount  of  irrigated  land  on 
Federal  projects  which  has  been  brought  into  produc- 
tion since  the  field  survey  or,  is  expected  to  be  brouglit 
into  production  in  the  near  future  by  irrigation  facilities 
now  under  construction  (table  14). 

Tluis  the  present  land  use  and  the  analysis  of  agri- 
cultural production  takes  into  account  current  nonnal 
production  plus  that  from  projects  recently  completed 
and  those  under  construction  that  are  expected  to  be  in 
production  by  1970  or  shortly  thereafter.  The  adjusted 
current  inventory  of  major  land  use  categories  is  shown 
in  table  12. 


Table  14  -TOTAL  SERVICE  AREA  OF  AUTHORIZED 
AND  PARTIALLY  COMPLETED 
IRRIGATION  PROJECTS 


Project  or  Unit 

State 

Acres 

Land 

Resource 

Area 

East  Bench 

Montana 

21,800 

44 

Garrison' 

North  Dakota 

59,300 

55 

Ainsworth 

Nebraska 

33,960 

66 

Farwcll 

Frenchman- 

Nebraska 

41.671 

71 

Cambridge 

Hitchcock- 

Nebraska 

8,896 

73 

Red  Willow 

Nebraska 

500 

73 

Bostwick 

Nebraska 

6,275 

73 

North  Platte 

Nebraska 

9,000 

67 

Sargent 

Nebraska 

3,174 

71 

Ahncna 

Kansas 

5,350 

73 

Cedar  Bluff 

Kansas 

2,583 

73 

Bostwick 

Kansas 

26,108 

73 

Kirwin 

Kansas 

2,820 

73 

Webster 

Kansas 

2,298 

73 

Caspcr-Alcova 

Wyoming 

2,469 

58 

Goshen 

Total 

Wyoming 

1,062 

227,266 

67 

'AssuiiK'd  in  place  for  land  accounlabilily  bni  included  in 
future  development  program. 


Fish  and  Wildlife 

Fish  and  wildlife  resources  are  important  througliout 
the  Missouri  River  Basin.  Historically,  the  Indians,  trap- 
pers. explorers,  and  early  settlers  depended  on  these 
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resou;<!(.‘^  for  food,  clothing,  and  teller.  Today,  the  fish 
and  VrJdliie  resources  serve  mainly  to  meet  desires  of 
fishermen,  hunters,  and  other  outdoor  recreationists. 
The  trades  and  services  associated  with  these  recreational 
pursuits  are  economically  important  locally  and  nation- 
ally. Commercial  fish  and  fur  animals  possess  significant 
economic  values  in  addition  to  recreation.  The  basin  is 
nationally  important  for  the  unusual  recreational  0|^r- 
tunities  offered  by  the  variety  of  animal  life,  much  of  it 
in  pristine  environment.  Figure  13  illustrates  the  compo- 
bution  of  lands  and  waters  of  importance  to  fish  and 
wildlife. 

Virtually  all  of  the  basin  area  is  of  value  for  fish  and 
wildlife  use.  For  the  purpose  of  this  study,  the  total 
lands  and  waters  used  by  fish  and  wildlife  are  divided 
into  two  broad  categories:  (I ) lands  devoted  to  fish  and 
wildlife  as  a “primary”  use  (figures  14  and  15)  and  (2) 


lands  where  fish  and  wildlife  uses  are  “ancilfary”  (figure 
16).  Primary  fish  and  wildlife  lands  and  waters  are  further 
I^imary  fish  and  wildlife  lands  and  waters  are  further 
subdivided  into  two  main  categories:  (la)  single-purpose 
or  dedicated  lands  owned  by  the  various  state  fish  and 
game  agencies  and  by  the.  Bureau  of  Sport  Fisheries  and 
Wildlife,  and  (Ib)  public  or  private  lands  where  fish  and 
wildlife  is  one  of  the  principal  multi-purpose  uses. 

The  bulk  of  the  lands  and  waters  used  by  fish  and 
wildlife  fall  into  the  second  category  (ancillary  use).  This 
category  includes  most  private  lands  and  a substantial 
portion  of  the  public  lands.  On  most  of  this  area,  agri- 
culture is  the  predominant  use,  but  wildlife  exists  only 
where  compatible  with  current  agricultural.practices. 

Only  0.3  percent  of  the  total  basin  is  devoted  to  fish 
and  wildlife  as  a single-purpose  or  dedicated  use.  An 
additional  2.7  percent  is.considered  key  muititpurpose 


FIGURE  13 

DISTRIBUTION  OF  FISH  AND  WILDLIFE 
LANDS  AND  WATERS 
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Migratory  Waterfowl  Feed  And  Rest  On  Private  Cropland  During  Both  Spring  And  Fall  Migrations 


FIGURE  IS 

KSTRBOTION  OF  SiNGLE-PORPOSE  AND  PRIMARV  (KEY) 
FISH  AND  WILDLIFE  LANDS  AND  WATERS  BY  SUBBASINS 
(SINGLE-PURPOSE  IS  INCLUDED  IN  PRIMARY) 
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FKiURE  16 

OWNERSH'P  OF  LANDS  AND  WATERS  ON  WHICH 
FISH  AND  WILDLIFE  HAVE  ANCILLARY  USE 
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use.  This  area  includes  lands  owned  by  several  F(deral 
agencies  and  numerous  small  blocks  of  privately  owned 
lands.  The  combined  areas  considered  as  primary  fish  and 
wildlife  land  and  water  represents  about  three  percent  of 
the  total  basin. 

In  general,  primary  responsibility  for  management  of 
the  fish  and  wildlife  resource  rests  with  the  State  fish 
and  game  agencies.  In  addition,  the  Bureau  of  Sport  Fish- 
eries and  Wildlife  has  basic  responsibility  for  migratory 
birds,  and  various  other  public  agencies  have  responsibi- 
lities on  lands  that  they  administer.  The  Bureau  of  Land 
Management,  U.  S.  Forest  Service,  and  National  Park 
Service  are  the  principal  public  agencies  in  this  category. 
Wildlife  areas  associated  with  Bureau  of  Reclamation 
and  Corps  of  Engineers  reservoirs  are  usually  managed  by 
the  States  in  keeping  with  provisions  of  the  Fish  and 
Wildlife  Coordination  Act. 

Figure  14  indicates  that  almost  70  percent  of  the  pub- 
lic lands  considered  primary  fish  and  wildlife  lands  are  in 
the  Upper  Missouri  and  Yellowstone  subbasins.  The 
major  share  of  private  lands  in  the  primary  fish  and  wild- 
life category  is  in  the  Eastern  Dakota  Subbasin.  Most  of 
these  private  lands  are  held  under  easement  by  the 
Bureau  of  Sport  Fisheries  and  Wildlife  for  wetland 
preservation. 

Apart  from  primary  fish  and  wildlife  lands,  certain 
lands  of  ancillary  importance,  such  as  Indian  reserva- 
tions and  state  school  lands,  deserve  special  attenfion. 


Indian  reservations  encompass  in  e.vcess  of  16  million 
acres,  or  about  S percent  of  the  Missouri  Basin.  Although 
all  land  within  the  reservation  boundaries  is  not  Indian- 
owned,  nearly  12  million  acres  or  almost  four  percent  of 
the  land  in  the  basin  is  in  Indian  ownership.  Of  this,  7 
million  acres  are  owned  by  individual  Indians,  and  5 mil- 
lion acres  are  in  tribal  ownership.  On  most  Indian  lands 
there  has  been  vciy  little  management  of  fish  and  wild- 
life resources.  However,  in  recent  years  the  Bureau  of 
Sport  Fisheries  and  Wildlife  has  provided  technical  as- 
sistance to  the  Indians  upon  request. 

There  are  about  12,250,000  acres  of  State  school 
lands  in  the  Missouri  River  Basin  segments  of  Colorado, 
Montana,  Nebraska,  North  Dakota,  South  Dakota,  and 
Wyoming.  Most  of  these  lands  are  leased  to  private 
agricultural  interests.  Generally,  state  laws  make  no 
specific  provision  for  fish  and  wildlife  as  a multi-purpose 
use  on  school  lands,  but  they  have  habitat  similar  to  ad- 
joining lands  and  thus  are  important  factors  in  the  current 
supply. 

Recreation 

Lands  and  waters  considered  to  be  valuable  for  out- 
door recreation  purposes  and  supporting  a significant 
amount  of  rccr<:.ition  use  total  50,252,000  acres,  or  15 
percent  of  the  total  land  area  of  the  basin.  However,  only 
2,814,000  acres  are  dedicated  primarily  to  recreation  use. 
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Approximately  174.000  acres  arc  intensively  developed 
for  recreation  purposes.  Most  of  the  recreation  lands  are 
in  public  ownership,  and  in  multiple-use  areas  dedicated 
to  a variety  of  uses  including  recreation.  Most  ancillary 
recreation  lands  are  also  in  publicly  owned,  multiple-use 
areas.  National  Park  Service  areas,  which  include  the 
large  Yellowstone.  Rocky  Mountain,  and  Glacier  Na- 
tional parks,  account  for  the  bulk  of  the  primary  use 
recreational  land. 

Table  I S presents  a summary  of  all  existing  recreation 
lands,  waters,  and  other  information  by  administrative 
categories.  Recreation  areas  were  classified  as  Type  I 
(scenic,  historic,  and  natural).  Type  II  (land  oriented) 
and  Type  III  (water  oriented). 

Table  16  presents  a summary  of  recreation  lands  and 
waters  by  both  administrative  categories  and  types  of 
areas.  Table  17  also  provides  primary  and  ancillary  land 
and  water  use  infomiation  for  recreation  acreages:  how- 
ever, data  arc  broken  down  fur  individual  subbasins  and 
the  public  and  private  sectors  only. 


Multiple-Purpose  Re.servoirs  Storing  Water  for  Irrigation, 
Power  and  Municipal  Supply 
Also  Have  Fishing  and  Recreation  Opportunities 


Table  15  - LANDS  AND  WATERS  USED  FOR  RECREATION 


Intensively  Developed 

Administrative 

Category 

/Vreas 

(No.)' 

Land 

(A«es) 

Mar.4i 

(Acres) 

Water 

(Acres) 

Total 

(Acrc,s) 

Percent  of 
Land  Area 

Local  Parks 

2.875 

127.992 

737 

61.482 

190.21 1 

54.020 

St.  Parks  (Roadside) 

500 

2.880 

... 

35 

2.915 

2.680 

St.  Parks  & Rec.  Areas’ 

310 

258.960 

1.106 

314.849 

574.915 

17.226 

St.  Fish  & Hunting  Areas  & 
Fi.sli  Hatcheries 

997 

505.086 

30,509 

98.566 

634.161 

1.752 

0.4 

St.  Forest  Lands 

5 

42.826 

120 

62 

43.008 

2 

0.005 

Nat’l  Park  Service  Areas 

18 

2.959.385 

12.200 

124.468 

3,096.053 

' .5.21.3 

0,2 

NafI  Wildlife  Refuges  & 
1‘ish  Hatcheries 

84-’ 

1,424,165 

33.594 

392,129 

1.849:888 

739 

0.05 

Federal  Reservoirs  (Net)'* 

113 

952.936 

2.0C0 

1.078.320 

2.033,256 

19,743 

2,1 

Indian  Keservation  Areas 

108 

6,874,336 

8.485 

26.723 

6.909..544 

2.200 

Nat’l  Forest  & Grasslands 

37 

18.814,323 

7.170 

54.731  1 

18.876.224 

15.102 

linreati  of  Land  Mgmt.  Areas 

39 

14,957.516 

160 

1.780 

14.959.456 

300 

Misc.  F'edcral  Lands 

21 

1 36.439 

... 

98 

136..537 

9.35 

Private  Sector 

20-'' 

574,953 

• • ' 

243,149 

818.102 

54.446 

Missouri  River  & 

Missouri  River  Access 

67 

660 

• • • 

127.400 

128.1K.0 

10 

MB 

Missouri  Hasin 

5,l94-‘' 

47,632,457 

96,081 

2.523,792 

50.252.330 

174,368 

1 0.4 

I Incitulos  I 2 roitMurud  Nalional  HKlorU'  l.andiiuirkv  tiuM'ral  of  Ihv  fi|;(irvN  ^h()vvll  iiK'lmlc  tr.iUs. 

•"DovoIoiumI"  laiiil  is  land  occo|)ii.'d  with  or  immudiaicly  ad).i(.'viil  to  rcetoalioii  facililit's  or  Mihsl.mliall)  inodiliod  Irom  .i  iiaiural 
condilion  for  rucrvalion  ptirposes.  Other  recreation  land  area  is  considered  to  he  undes  eloped. 

■^Several  entries  consist  of  nninerons  tracts:  includes  privately  owned  areas  administered  hy  the  IISIAV . 

and  and  water  acre;ipe  fipiirc'  for  State  administered  waters.  State  parks,  national  wildlife  refupcs.  and  other  such  areas  situated 
at  I'cderal  reservoirs  are  included  under  other  satettories. 

'''Does  not  include  private  areas,  for  which  lipiiteswere  not  availahle,  the  20  areas  sliowii  for  private  seclor  include  onlv  sieiiic  and 
historic  areas  adminislered  I'S  tlie  private  sector. 
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Table  16  - SUMMARY  OF  RECREATION  LANDS  AND  WATERS  USED  PRIMARILY 
FOR  RECREATION  PURPOSES  AND  FOR  OTHER  USES 


No. 

Type  1 Rec.  Areas 
(Scenic  A Historic) 

Type  il  Recreation  Areas 
(LandOiiented) 

Type  ill  Recreation  Areas 
(Water-Oriented) 

Administiathre 

Categoty 

of 

Areas 

Recieatkm 

(Totris) 

Other 

Uses 

Recreation 

Other 

Uses 

Total  i 

1 ^ 

1 Recreation 

Other 

Uses 

Total 

Lands: 

Type  1 Areas* 

139 

3,042,229 

U 

teres) 

Local  Parks 

2,865 

— 

... 

65.655 

... 

65,655 

61,922 



61,922 

St.  Parks  & 
Rcc  Areas 

728 

... 

34.790 

34,790 

148,283 

1 

i 

148.283 

St.  Fish.&- 
Hunting  Areas 

997 

200 

248,873 

249,073 

1,552 

254,461 

256,013 

St.  Forests 

5 

2 

42,824 

42,826 

... 

... 

... 

Indian 

Reservations 

102 

1,998 

6,847,060 

6,849,058 

202 

25,052 

25,254 

Nat’l  Wildlife 
Refuges- 

84 

i 

...  i 

24 

21,636 

21,660 

715 

1,401,790 

1,402,505 

Nat’l  F'orcsts^ 

35 

... 

15,102 

18.799.207 

18,814,309 

... 

... 

— 

Bureau  of  Land 
Mgmt.  Lands 

39 

i 

...  i 

300 

14.956,769 

14,957,069 

447 

447 

Misc.  Fed.  Lands 

20 

935 

133.904 

134,839 

... 

... 

... 

Fed.  Reservoirs 
Bvisting  and 
Under  Const."* 

113 

22,513 

930,423 

952,936 

.Missouri  River 
Access  Points^ 

67 

660* 

660* 

Private  Sector 

NA  1/ 

123.739 

332,877 

456,616 

25,131 

91,182 

116,313 

L,  ND  TOTALS 

5,I9d 

3,042,229 

242,745 

41.383.150 

41,625,895 

260,978 

2,703,355 

2,964,333 

Air  Rcc.  Waters 

136.894 

8.119 

102.069 

110,188 

127,285 

2,245,506 

2,372,791 

Missouri  Basin 

5,194 

3,179,123 

250,864 

41,485,219 

41.736,083 

388,263 

4,948.861 

5.337, 124 

•ah  Typi'  I iiroas  dc-dicalcd  primarily  lo  rvcrcatioii  purpo$c^  include  Yellowstone  National  Park,  Glacier  National  Park,  and 
Kocky  •Mountain  National  I’ark. 

2 Includes  Hsli  liatclieries. 

'includes  national  grasslands  and  land  utili/atton  projects, 

‘^Net  figures.  Dues  nut  include  lands  administered  by  state  and  local  agencies,  and  the  llureau  of  Sport  Fisheries  and  Wildlife.  These 
acreages  carried  under  other  categories. 

^Federal.  State. and  locally  administered  areas, 

^Number  of  private  sector  areas  in  Type  II  and  III  categories  is  not  .available.  Ihe  20  areas  identified  in  table  1 S are  included  in  the 
130  Type  I areas  in  this  table. 

'Fstimated  or  based  partially  on  estimates. 


Table  17  - EXISTING  RECREATIONAL  LAND  USE  BY  INDIVIDUAL  SUBBASINS 


Primary  Use  Area ' 

Ancillary  U.se  Area* 

Subbasin 

Category 

Land 

Water 

Land 

Water 

Upper  .Missouri 

Public 

505,473 

(A 

17,899 

.cres) 

12,685,118 

405,971 

Private 

13,192 

55 

1,057,688 

88,242 

Yellowstone 

Public 

2,185,405 

135,956 

10,303,142 

70,980 

Private 

13,150 

710 

593,656 

8,397 

Western  Dakota 

Public 

313,024 

22,116 

4,874,378 

405,127 

Private 

10,962 

428 

5.078,462 

3,901 

Eastern  D.ikota 

Public 

28,911 

21,256 

474,886 

676,422 

Private 

7,905 

1,317 

275,760 

3,693 

Platte-Niobrara 

Public 

290,783 

8,679 

7,582,024 

162,759 

Private 

86,500 

7,600 

173,500 

68,400 

.Middle  .Missouri 

Public 

29,219 

22.530 

35,248 

63,594 

Private 

7,872 

1,005 

40,030 

9,368 

Kansas 

Public 

25,577 

5,448 

228,694 

135,501 

Private 

10,402 

416 

21,120 

3,744 

Lower  .Missouri 

Public 

60,144 

26,164 

564,422 

169,280 

Private 

5,045 

711 

50,765 

72,204 

.Missouri  Basin 

Public 

3,438,536 

260,048 

36,747,912 

2,089,634 

Private 

155,028 

12,242 

7,290,981 

257,949 

•Siibtegion  (political  boum!ar> ) figures  used. 
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Mineral  industry 

I jiid  'i>cj  hy  ific  niiiict jt  r-- 

iaiu!  and  u<K’d  cxJiiMVt'ly  m ptiJoats:  tnn«irjK 

!>ti  jti  jntiujl  buJin;  il  Ji»cn  ti4tf  icSri  f»»  tjr;d  <'»t!fd 
!cuv^‘d.  < r Icnipofyrily  iKVupH'd  t<n  cxpt<>rj!i<tt> 
ijt'.tl  ii'Mr  by  iht*  mineral  indu\Jr\  in  ihe  bjMn  i>iC»rinur;’iJ 
Efi  be  .*'.554  acre>  liable  I XI  land  aLliia'tv  tivd  ■.! 
!ijr.c“k!i!!g  limber  fm  mine  uv  »w  bn  ■*»!  ■ * 

plnralioit  u nefiliiiible  wiih  tevpc^l  iti«iil>LV 
upied.  Willie  iitlal  mineral  and  »nl  and  ea^  lei'ed  -(> 
beder.i!  and  iktii-l  edeial  land'  in  ihc  ban?  am-  e'»i?na?t  d 
to  K' m e\ee"  oJ  lOOrmliiim  a<fe'  ibe  vKf.jie  ht  ’ (■« 
li^ii'c  n a reali'lie  c'lunaie  ol  f.o^J  u'e  rn  ihe  bj%fs. 


Table  18  ESTIMATED  MINERAL  INDUSTRY 
LAND  USE  BY  SUBBASIN3  AND  STATES 
OF  THE  MISSOURI  BASIN  FOR  1963 
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Transportation,  Urban,  and  Built-up  Areas, 
and  Other  Uses 

\ ■n  .ili  peu  ent-i'e  *<!  Ilie  l.iiki  aiea  i<.  needed  lot  ilie 
i ! fj:I*ojd-  .nu!  nli!;n  line' llial  tii'vvio''llio  bjMii 
4 she  people  wived  Inc  in  iIk  village',  low  n'. 
ioJ  . i’l. vvbnff  ■■  .tipv  .ibo::i  one  peieeni  ol  ilie  ha'iii 
j.i'r  Ihe  tola?  li  d le.veni.ii ' fi-i  llie  ab«>ve  n about 
' 44m»UN 

!<;,  iev.rt.e*,  ud  uol  aiW>Uilt  lot  otliei  lUillOl 

1',.  bj\Hi  itu  iiarnp^'flalKiii.  urban,  and  buitl-iip 

jij  j A evpanded  iiKlude  oihci  uv.*'.  llic 

s Ji",  o,tj,  !.«  iho  de'ieulkui  wa'  «»vei  '.240.(YK), 
obiit.*  lUr  r.'iaS  t « tlu  .Minbincd  deMgiialion  lo 

'l•.''O^KII»  MU'.  .1  ab»*ii  two  and  >>iieball  pciienl  bn 
iIk’  Mi'w-ot)  Hi'ii' 

Water  Areas 

llii  wal.  i i!-.  1 ihe  \|i"<>itw  Bjmii  »J' ilivellbwied 
k'pjMblv  bi,  ,ri«  ol  »|>e  iiiiiMipli.  ilv  ol  uve' and  ilie 
'tiding  diili* tiliiei  likelv  b>  aii'C  il  a ftniii  Mse 
V tmeepi  were  applied  Weii  i .iiea"an  be  im'd  b»i  uviea 
iioti.  ndi  am!  wiidlite  piiipov'.  livc'lOik  walcimi:.  and 
oilu*!  'iiiidai  Jilitilit'*  M'nitiB  walt'i  tan  prinlutf  dee- 
•ftiiiv  move  good'  nuinlain  v|iialitv  and  piovide  Ihc 
H'fvitC'  jltcadv  incnlMMird  Hatei  alvo  i'  med  loi  niii 
niiipj*  jml  mdii'tiijJ  purp**"*'  imeatin;:  iinpv.  and 
dnciw  atliulic' 

Ihe  area  inventoiicd  av  watci  mvhidcv  ihc  waiet 
area  icpirlcd  by  the  I*bi0  Hiiicjii  «»l  (‘I’ll'Uv.  In  addi- 
Inm  the  aeieagc  **l  walci  atcaVol  ht"  than  40  aerev  in 
'»/e.  and  'iicamv  l.’vv  lhan  unc-cifdiih  ol  a mile  wide, 
were  deleimiiied  Imm  foii'Civaiiini  Necvl'  Invcnioiy 
and  tiomoihcf  wniftcv  Thiva'  teagewavMibiraeicd  Irom 
the  Bureau  ol  retivuv  land  area.  Ihc  area  of  water  totaled 
i.M!O.0OnjerevllaHcS-ll 

Military  Areas 

I here  ere  'cveral  inihlary  rcvervaluni'  and  in'laSiaiioti' 
Ml  iIk’ ba'iti  1 1 I eoiiaid  WinhI.  1 1 Rilev  , .ind  Slralegiv 
\ir  (ttiitmand  IS  At  I lleadi|uarlei«  ate  wklely  known 
Iheve  inihtaiv  areav  are  imporlatil  lo  national  deletiH* 
The  mvenloty  inehided  iheve  and  alvo  Nainnial  (Jiiard 
Ijv'ihliev  Tlie  lolal  invcnlory  avreage  wa' I02.470  acre' 
liable  S~l> 


PRIMARY  AND  ANCILLARY  LAND 
UTILIZATION 

Beginnipp  with  ibe  vet  limp  ol  ihe  havm  and  Ihe 
developmeni  ol  ii'  naliiral  revonnev  to  meci  need'.  Ihe 


people  began  changing  and  overlapping  the  land  uses. 
Grasslands  and  woodlands  were  converted  to  the  pro- 
duction of  cultivated  crops,  or  their  products  were  used 
to  build  towns,  cities,  railroads,  highways,  and  other 
service  facilities.  Several  uses  were  made  of  easily  acces- 
sible areas.  For  example,  domestic  livestock  were  grazed 
on  forest  and  woodland  areas  already  producing  forest 
products,  domestic  livestock  and  wildlife  were  grazed  on 
the  same  areas,  and  small  game  were  hunted  on  cropland. 

In  the  1958  Conservation  Needs  Inventory,  land  uses 
were  classified  into  seven  major  groups:  cropland,  pas- 
ture and  range,  forest  and  woodland,  other  agricultural 
land,  urban  and  built-up  areas,  water  areas,  and  Federal 
lands.  This  grouping  identified  land  and  water  areas  by 
primary  use,  but  did  not  show  to  what  extent  these  same 
areas  were  used  to  satisfy  other  needs  of  the  people.  To 
complete  the  inventory  of  land  use,  information  on  Fed- 
eral lands  was  obtained  from  each  Federal  agency  con- 
cerned, and  was  integrated  with  that  from  the  Conser- 
vation Needs  Inventory. 

The  land  and  water  resources  are  not  sufficient  to 
meet  the  present  needs  or  projected  requirements  of  the 
basin  on  a single-use  basis;  thus,  the  multiple  use  of  land 
and  water  must  be  considered.  Through  coordinated 
development  and  management,  several  uses  are  often 
made  of  the  same  area  under  the  multiple  use  concept 
without  serious  conflict.  Many  uses  are  complementar>’ 
to  and  enhance  other  uses;  in  fact,  some  resources  are 


somewhat  dependent  upon  other  uses.  For  example,  the 
large  pheasant  population  and  the  excellent  bird  hunting 
in  South  Dakota  are  closely  related  to  cropland  produc- 
tion and  land  conservation  practices. 

In  this  framework  study,  basin  lands  were  classified 
into  ten  major  groups  of  primary  use:  cropland,  pasture 
and  range,  forest  and  woodland,  other  agricultural  land, 
recreation,  fish  and  wildlife,  transportation,  urban  and 
built-up  areas,  water,  mineral  industry  areas,  and  military 
areas.  In  studying  the  use  and  requirements  for  land,  each 
use  was  considered  separately.  Many  areas  are  already 
serving  more  than  one  use.  For  example,  a forested  area 
may  be  producing  timber  products;  at  the  same  time  it 
is  used  for  grazing  of  domestic  livestock,  habitat  for  wild- 
life, recreation,  and  storage  for  snowfall  producing  spring 
and  summer  water  supplies. 

The  primary  use  of  land,  by  subbasins,  is  showti  in 
table  19.  A summary  of  present  generalized  multiple 
uses  of  land  and  water  is  shown  in  table  20. 

Production  of  agricultural  products,  including  timber, 
is  the  primary  use  on  312,392,000  acres  or  95  percent  of 
the  basin.  There  is  some  duplication  of  use  even  within 
agriculture,  as  approximately  four  percent  of  the  forest 
is  grazed  by  domestic  livestock.  Grazing  of  domestic  live- 
stock and  harvesting  of  hay  is  permitted  on  some  military 
lands  and  some  urban  areas.  The  total  effective  area  used 
for  agriculture  is  330,360,000  acres. 


A Rocky  Mountain  Landscape  Showing  Fore.st  And  Grassland;  This  Area  Contains  Important  Wilderness, 
Watershed,  and  Wildlife  Habitat  Values  and  Provides  Many  Recreation  Opportunities 


48 


Table  19 -SUMMARY  OF  PRESENT  GENERALIZED  PRIMARY  USES 
OF  LAND  AND  WATER  AREA 


Item 

Upper  Missouri 

Yctlowstone 

Western  Dakou 

Eastern  Dakota 

Agriculture' 

(Thousand  Acres) 

50,382 

43,152 

47,289 

34,399 

Hecrcaiion- 

519 

1,408 

334 

38 

Fish  and  Wildlife-’^ 

142 

31 

92 

162 

Tnmsportaljon.  Urban.  Bt|il:-up,  and  Other 
Water -Area^ 

i.240 

246 

897 

1,801 

670 

345 

472 

902 

Mineral  Industry 

3 

9 

3 

1 

Aiiliiary 

7 

9 

269 

0 

TOTAL 

52.963 

49,356 

37,303 

Ratte-Niobtan 

Midifle  Missouri 

Kansas 

Lower  Missouri 

Missouri  Basin 

(Thousand  Acres) 

Agriculture' 

60,787 

14,901 

37.182 

24,300 

312,392 

■Recreation* 

377 

37 

36 

65 

2,814 

Fish  and  Wildlife^-  4 

220 

25 

15 

51 

738 

Transportation.  Urban,  Built-up.  and  Other 

1,508 

600 

1,195 

603 

8,090 

Water  /\rca-^ 

654 

174 

336 

266 

3,819 

.Mineral  Industry 

6 

2 

6 

3 

33 

.Military 

123 

6 

106 

102 

622 

TOTAL 

63,675 

15,745 

38,876 

25,390 

328,508 

! Includes  cropland,  paslurc  and  range,  foresrand  other  agriculturil  lands 
^Subbasin  land  area  only. 

^Includes  primary  mter  area  of  recreation  and  fish  and  wildlife. 

'’Figures  shown  arc  for  single-purpose  lands,  but  an  .idditional  9,1 74.000  acres  are  included  in  other  categories  that  are  jointly  used 
and  have  primary  value  for  fish  and  wildlife 


Recreation  is  the  primary  use  on  2.814,000  acres. 
Tliis  includes  areas  such  as  Yellowstone  and  Rocky  Moun- 
tain National  Parks,  national  monuments.  Slate  parks, 
aieas  specifically  dedicated  and  improved  for  recreation 
use  as  campgrounds  and  picnic  grounds,  and  sports  areas 
on  Federal,  State,  and  private  lands.  In  addition,,signifi- 
cant  recreation  use  occurs  along  recreation  trails  and 
from  hiking,  riding,  camping,  picnicking,  studying,  or 
siglit-seeing  on  forest  and  other  croplands  and  on  wild- 
life, military,  and  mineral  industrial  areas.  The  total  area 
used  for  recreation  is  50,252,000  acres. 

Fish  and  wildlife  makes  the  greatest  use  of  the 
basin  resource  area-wise.  The  total  area  of  such  use  is 
319,648,000  acres;  however,  fish  and  wildlife  has  single- 
purpose use  on  only  1 ,148,000  acres.  This  is  primarily  in 


Table  20  - SUMMARY  OF  PRESENT  GENERALIZED 
MULTIPLE  USES  OF  LAND  AND  WATER  AREA* 


Subbasin 

.\griculture* 

Recreation 

Fish  and 
Wildlife 

1 (Thoiisand  Acrc.s) 

Upper  .Missouri 

53.710 

14,774 

51.687 

Yellowstone 

45,742 

13.311 

44,914 

Western  Dakota 

51,055 

10,708 

48,316 

Eastern  Dakota 

34.520 

1.490 

35.615 

Plattc-Niobiaia 

64,054 

8.380 

61,985 

.Middle  Missouri 

15,580 

209 

15,057 

Kansas 

37.680 

431 

37,508 

Lower  Missouri 

28.019 

949 

24.566 

MikIiuIvs  both  primars  ,iml  anvillarv  uses  of  land  .uul 
waler. 

- Agriculluri-  iiicUides  vroplaml,  paMiire  .ilid  'iiigc,  furvvt.  and 
other  agricultural  lands. 


the  National  Wildlife  Refuges  and  in  State  wildlife,  water- 
fowl,  and  game  management  areas.  Cropland,  shelterbelts, 
and  fence  rows  are  used  by  wildlife.  Reservoirs  and  asso- 
ciated lands  for  irrigation,  flood  control,  recreation,  and 
other  purposes  provide  habitat  for  fish  and  waterfowl. 
Wliile  fish  and  wildlife  are  heavily  dependent  on  multiple- 
use  areas,  there  is  not  significant  confiict  or  harmful 
effect  to  the  other  uses. 

Jh 


Pheasant  Hunting  Is  A Major  Sport  On 
Agricultural  Lands 
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National  and  State  Parks  Provide 
Most  of  the  Primary  Recreation  Use 
Areas 


\ 


CHAPTER  4 


POTENTIAL  LAND  USES  AND  CAPABILITIES 


ADAPTABILITY  OF  LANDS  FOR 
ALTERNATIVE  USES 

The  Missouri  Basin  has  a wide  lange  of  cliinutic. 
topographic,  and  soii  conditions.  Tlie  present  use  of  the 
basin’s  lands  is  related  both  to  present  and  to  past  eco- 
nomic conditions  and  policies.  Future  use  and  the  inten- 
sity of  such  use  will  no  doubt  change  since  demands  on 
tlie  land  and  water  resources  and  tlie  capacity  of  those 
resources  for  satisfying  these  demands  are  changing. 
However,  along  witlt  projections  of  future  demands,  pro- 
jected production  teclrnology  is  essential  for  planning 
purposes  to  know  the  capability  of  the  land  re.sourcesto 
meet  these  demands. 

Major  Agricultural  Uses 

The  agricultural  use  that  can  safely  be  made  of  lands 
under  varying  conditions,  including  intensity  of  treat- 
ment, can  be  studied  by  grouping  the  previously  discussed 
land  capability  units  into  land  capability  classes.  This 
widely  accepted  classification  places  all  lands  (see  Chap- 
ter 3 of  this  Appendi.x)  into  one  of  eiglit  recognued  land 
classes. 

Because  of  irregularities  in  topographic  features  such 
as  geologic  lorinations  and  glaciation,  a mi.xing  of  land 
classes  frequently  occurs  within  small  areas.  Some  of 
these  areas  are  too  small  to  be  of  significance  when  com- 
prehensive decisions  concerning  land  u.se  and  treatment 
arc  being  made.  These  small  areas,  therefore,  arc  not 
identified  in  soil  mapping  activity  and  must  be  considered 
as  part  of  the  predominant  land  class  and  land  use. 
Though  small,  some  of  these  aicas  migJit.  for  e.xample, 
be  of  tremendous  importance  to  wildlife  when  isolated 
in  cropland. 

From  a practical  standpoint,  small  classified  areas, 
when  located  in  a field  with  .soil  of  a predominantly  dif- 
ferent classification  sufficient  to  permit  a change  in  land 
use,  are  considered  as  not  being  available  for  a change  in 
use.  An  e.xample  is  a small  area  of  Class  VI  land.  Jassifie  I 
as  such  because  ol  a shallow  root  /one,  laying  in  a Class 
111  cropland  field.  The  Class  VI  land  would  be  used  for 
crop  production  even  though  its  income  may  be  maiginai. 


Large  machinery  and  c.'Ctcnsivc  farming  operations  make 
it  impractical  to  give  special  consideration  in  the  use  of 
such  areas  since  they  are  “locked- in"  with  the  predomi- 
nant use.  Table  21  shows  the  land  capability  class  and 
land  use  for  agricultural  land  in  the  basin. 

As  previously  mentioned  in  Chapter  3 under  "Lind 
Resource  Categories."  land  capability  units  were  grouped 
in  order  to  reduce  the  number  of  evaluation  units.  Al- 
though these  soil  resource  groups  combine  some  closely 
related  land  capability  classes,  in  no  case  do  they  mix 
arable  and  nonarable  land  as  determined  by  capability 
class  designation.  A brief  description  of  the  soil  lesource 
groups  and  a listing  of  land  capability  units  they  contain 
arc  given  in  table  S-45.  Because  of  the  ready  availability 
of  the  soil  resource  group  data,  land  available  for  alter- 
native uses  was  determined  by  using  this  classification 
along  with  an  application  of  the  “capability  class"  de- 
scribed earlier.  Table  22  summari/.es  by  subbasins  and 
land  uses  the  areas  available  for  alternative  uses.  Table  23 
shows  the  amount  of  pasture  and  rangeland  that  is  suit- 
able for  crop  use.  while  table  2-1  shows  the  amount  of 
ciopland  which,  by  reason  of  its  land  capability  ciass 
designation,  should  be  in-pasture  and  range. 

Of  the  103.8  million  acres  of  land  pre,sently  used  for 
crop  production  in  the  basin,  there  aie  estimated  to  be 
4.7  million  acres  classified  in  Classes  V through  VIII 
whose  locution  would  permit  conversion  to  a less  in- 
tense use  such  as  grassland  if  it  were  cconoii’Kal  for  the 
owner  to  do  so.  Conversion  of  this  land  is  desirable  in 
order  to  reduce  the  erosion  ha/.ard.  Fsiimates  indicate 
that  there  aic  an  additional  4.7  million  acres  in  Classes  V 
through  VIII  that. because  ofthc  si«.  shape.and  location 
of  the  parcels,  arc  impractical  to  convert  to  other  uses 

There  a<e  152.U  million  acres  of  land  under  piivate 
owneiship  used  for  pasture,  range,  and  hayland  Of  tins 
amount,  it  is  c.stimated  that  about  20.2  million  acres  of 
arable  land.  Classes  1 through  IV.  exist  in  tracts  large 
enough  for  conversion  to  cropland  if  the  demand  for  in- 
creased food  supplies  should  justify  the  change  This 
land  is  primaiily  in  Classes  II  and  111.  Conveision  to 
cropland  will  nut  create  an  erosion  ha/.ard  if  leasomible 
care  in  conservation  tieatment  and  management  is  exer- 
cised. There  is  an  additional  2'>.8  mtilion  aues  in  the 
arable  classes  that  are  "locked  in”  the  grassland  areas  of 


Table  21  --  AGRICULTURAL  LAND  CAPABILITY  CLASSES  AND  PRESENT  LAND  USE 


Land  Capabtiily 
Class 

Cropland 

Forest  and 
Woodland 

mm 

Total 

(Thousand  Acres)  , 

UPPK R MISSOURI  SUBBASIN ' 

11  

1,906 

739 

28 

26 

2,699 

Ill 

6,780 

4,746 

61 

84 

11,671 

IV 

1,367 

2,963 

50 

20 

4,400 

V 

1 

200 

27 

2 

230 

VI 

625 

13,663 

971 

45 

15.309 

VII 

31 

3,149 

803 

4 

3.987 

VIII 

... 

57 

24 

73 

154 

TOTAL 

10,710 

25,522 

1,964 

254 

38.450 

YELLOWSTONE  SUBBASIN' 

1 

127 

II 

I 

3 

142 

II  

725 

400 

29 

10 

I.I64 

Ill 

1,531 

1,890 

24 

19 

3,464 

IV 

720 

2.200 

57 

13 

2.989 

V 

7 

54 

4 

1 

66 

VI 

241 

11,168 

557 

20 

11,986 

VI! 

21 

6.955 

1 776 

4 

7.756 

VIII 

2 

1.635 

123 

21 

1,781 

TOTAL 

3,374 

24.333 

1,550 

91 

29,348 

WESTERN  DAKOTA  SUBBASIN' 

1 

32 

— 

— 

— 

32 

II  

1,410 

641 

77 

9 

2.137 

Ill 

4,821 

3,403 

58 

34 

8,316 

IV 

1,925 

5,866 

53 

23 

7,867 

V 

24 

560 

57 

3 

644 

Vl 

956 

13.123 

144 

16 

14,239 

VII 

127 

583 

40 

8,789 

VIII 

... 

45 

5 

84 

134 

TOTAL 

9,295 

31,677 

977 

209 

42.158 

EASTERN  DAKOTA  SUBBASIN' 

I 

653 

48 

5 

27 

733 

II  

11,908 

3,285 

121 

270 

15,584 

Ill 

6,375 

3,416 

34 

98 

9.923 

IV 

955 

728 

13 

13 

1,709 

V 

289 

913 

18 

6 

1,226 

VI 

814 

3,392 

12 

40 

4,258 

VII 

14 

765 

8 

1 

788 

Vlll 

... 

... 

139 

139 

TOTAL 

21,008 

12.547 

211 

594 

34,360 

PLATTE-NIOBRARA  SUBBASIN ' 

1 

1,314 

86 

6 

33 

1,439 

II  

4,168 

959 

71 

149 

5,347 

Ill 

5,207 

2.338 

102 

149 

7,796 

IV 

3,326 

4,320 

97 

60 

7,803 

V 

13 

249 

20 

1 

283 

VI 

1,325 

10,497 

384 

56 

12,262 

VII 

278 

16,409 

927 

45 

17,659 

Vlll 

3 

289 

329 

128 

749 

TOTAL 

15,634 

35,147 

1,936 

621 

53,338 

MIDDLE  MISSOURI  SUBBASIN' 

1 

1,091 

113 

55 

40 

1,299 

II  

3,803 

613 

73 

153 

4,642 

Ill 

4,727 

680 

95 

166 

5,668 

IV 

1,171 

339 

55 

36 

1,601 

V 

41 

103 

9 

9 

162 

VI 

314 

451 

165 

21 

951 

VII  

72 

185 

174 

20 

451 

Vlll 

... 

1 

5 

2 

8 

TOTAL 

11,219 

2.485 

1 

t 

1 

1 

i s 

I ■ 

447 

14,782 

not  iiicliuk-  I'l'dvnil  lands  pr()ducintia);riculliir:ii  piodiicts 
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Table  21  (Continued) 


Land  Ca|wliili(iet 
aau 

Cfophnd 

hstnreand 

Range 

Foccatand 

Woodhnd 

Other  Ag. 

Totd 

1 KANSAS  .SUBBASIN'  I 

I 

1.331 

241 

64 

29 

1,665 

II  

6.620 

729 

49 

142 

7,540 

Ill 

9.233 

2.437 

66 

162 

11,898 

IV 

2,676 

1.626 

28 

53 

4.383 

V 

3 

17 

7 

— 

27 

VI 

2.320 

6.534 

197 

122 

9.173 

VII 

157 

2.029 

184 

21 

2.391 

VIII 

I 

6 

2 

23 

32 

TOtAL 

22,341 

13.619 

597 

552 

37.109 

LOWER  .MISSOURI  SUBBASIN ' 

1 

643 

135 

174 

37 

989 

11  

2,371 

1.008 

418 

139 

3.936 

Ill 

4,797 

2.654 

752 

313 

8,516 

IV 

1.378 

1.373 

929 

136 

3.816 

V 

9 

28 

27 

2 

66 

VI 

629 

1,367 

823 

91 

2,910 

VII 

378 

760 

2.634 

72 

3,844 

VIII 

3 

9 

31 

793 

46 

TOTAL 

10,208 

7,334 

5.788 

793 

24,123 

MISSOURI  BASIN' 

I 

5.191 

634 

305 

169 

6,299 

II  

32.911 

8.374 

866 

898 

43.049 

Ill 

43,471 

21,564 

1,192 

1.025 

67,252 

IV 

13,518 

19.435 

1.261 

354 

34,568 

V 

387 

2.124 

169 

24 

2.704 

VI 

7,224 

60,200 

3.253 

411 

71.088 

VII 

1,078 

38,291 

6.089 

207 

45.665 

Vlll 

9 

2.042 

519 

473 

3.043 

TOTAL 

103.789 

152.664 

13.654 

3.561 

273.668 

I Docs  not  inchulu  I'cdorul  lands  proUncing  agricultural  products. 


Table  22  - ACREAGE  OF  LAND  CONSIDERED  FOR 
CONVERSION  OF  MAJOR  USE 


Subbasin 

Acres  of  Grazing 
Land  Converted 
to  Crops 

laind  Converted 
From  Crop 
To  Pasture 

1 (Mitlion  Acres) 

Upper  Missouri 

3.9 

0.7 

Yellowstone 

2.3 

0 

Western  Dakota 

4.9 

0.7 

Eastern  Dakota 

2.7 

0.4 

Plalte-Niobrara 

2.9 

0.1 

Middle  Missouri 

0.3 

0.3 

Kansas 

0.9 

2.0 

Lower  Missouri 

2.3 

0.4 

Missouri  Basin 

20.2 

4.6 

tlie  basin  and  are  not  considered  available  for  conversion 
to  more  intense  uses.  Tliis  acreage  is  in  small  tracts  and 
most  of  it  IS  in  the  more  hazardous  land  Class  IV. 

There  are  13.6  million  acres  of  forest  and  woodland 
in  the  basin  that  are  privately  owned.  Although  about 
3.()  million  acres  of  woodland  are  on  arable  land,  none  of 
It  IS  considered  as  being  available  for  conversion  to  crop- 
land or  grassland.  Most  of  this  woodland  comprises  areas 
of  field  and  farmstead  windbreaks  or  used  for  livestock 
shelter.  Over  9 million  acres  of  these  private  woodlands 
are  on  Class  VI  and  VII  land  and  onl>  165  titousand 
acres  are  .on  Class  V wetland. 


“Other  Agricnltural"  land  includes  farmstead.s.  roads, 
rural  churches,  and  other  similar  areas  not  of  significant 
size  to  warrant  an  independent  summary.  Tltere  are  3.6 
million  acres  of  such  land,  none  of  which  is  considered  as 
being  available  for  alternate  uses,  althougli  some  changes 
will  occur  as  farmsteads  are  obliterated  and  local  roads 
abandoned. 

Publicly  owned  lands  make  up  14  percent  of  the 
basin.  Although  these  holdings  arc  significant  in  size 
and  strategically  located,  none  of  this  land  is  considered 
for  alternate  uses  even  ihougli  it  is  recognized  that  when 
in  the  best  interests  of  the  public,  some  changes  in  use 
will  occur.  An  e.xainpic  is  the  construction  of  a highway 
tlirough  national  forest  lands,  if  it  provides  the  least 
costly  or  shortest  route  and  the  location  is  determined 
to  be  in  the  public  interest.  Certain  lands  now  remaining 
in  public  ownership  satisfy  specific  public  purposes. 
Areas  of  significant  natural  beauty  or  historic  interest 
are  in  the  National  Park  System.  Vast  forested  areas  of 
the  mountain  states  are  managed  for  tiinbei  production, 
water  yield,  forage  production,  wildlife,  and  recreation 
as  part  of  the  National  Forest  .System.  The  public  do- 
main lands  arc  .similarly  managed  for  grazing,  .soil  and 
watershed  protection,  military  use.  recreation,  fish  and 
wildlife  production,  research,  and  major  reservoirs  (see 
table  (>.  “Land  and  Water  Ownership"). 
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Table  23  - CURRENT  NORMAL.  PASTURE  AND  RANGE  CONSIDERED 
FOR  CONVERSION  TO  CROPLAND  BY  SUBBASINS.  SOIL  RESOURCE  GROUP 


Soil 

RexHtrcc 

Group 

i Subbusin 

Upper 

.Missouri 

YeUou'sloite 

1 Weslem 
! Dakou 

l-jsiem 

Dakota 

Halle- 

Niobrara 

.Middle  | 
.Missouri  | 

! Kansas 

Lower 

Missouri 

Missouri 

Basin 

■Ml 

(Thousand  Acres) 

102 

369 

290 

281 

415 

0 

17 

4 

1.925 

104 

939 

226 

■SM 

526 

68 

4 

48 

198 

2.313 

106 

1.673 

1.442 

1.491 

1.257 

1.075 

59 

284 

160 

7.441 

112 

0 

7 

265 

76 

8 

0 

231 

0 

587 

120 

53 

0 

88 

0 

0 

0 

0 

7 

148 

122 

0 

1 

13 

0 

0 

68 

88 

274 

444 

124 

0 

113 

389 

U 

67 

128 

60 

1.162 

1.919 

136 

58 

16 

53 

54 

0 

0 

0 

19 

200 

138 

428 

10 

I 

37 

0 

1 

23 

76 

575 

144 

0 

0 

1 -'6 

18 

12 

1 

0 

0 

77 

150 

0 

6 

25 

3 

120 

0 

0 

0 

154 

152 

0 

0 

0 

2 

0 

0 

0 

0 

2 

153 

0 

0 

0 

0 

0 

11 

0 

221 

232 

154 

227 

106 

1 38 

0 

0 

2 

0 

42 

415 

168 

0 

1 ' 

' 862 

413 

5 

0 

0 

0 

1.281 

172 

0 

0 

3 

16 

4 

0 

0 

0 

23 

184 

0 

0 

12 

0 

0 

0 

0 

0 

12 

190 

99 

63 

21 

0 

637 

1 

108 

0 

929 

217 

0 

0 

0 

0 

0 

0 

0 

59 

59 

310 

• 0 

0 

739 

0 

0 

0 

0 

17 

756 

330 

0 

0 

6 

2 ' 

153 

16 

55 

60 

292 

340 

56 

4 

I 

0 

315 

0 

7 

13 

396 

Total 

3,902 

2,285 

4.895 

2.685 

2.879 

301 

921 

2.312 

20.180 

Table  24  - CURRENT  NORMAL.  ACRES  OF  CROPLAND  RECOMMENDED  FOR 
CONVERSION  TO  LESS  INTENSIVE  PASTURE  AND  RANGE  USE  BY 
SUBBASINS  AND  SOIL  RESOURCE  GROUPS 


Soil 

Resource 

Group 

Suhbasin 

Upper 

Missouri 

1 

Yellowstone  | 

j Weslem 
Dakota 

l-aslem 

Dakota 

natte 

Niobrara 

Middle 

Missouri 

Kansa.s 

Lower 

Missouri 

Missouri 

Basin 

(The 

lusand  Acres) 

no 

0 

5 

1 0 

3 

0 

0 

8 

160 

342 

721 

155 

20 

0 

0 

0 

1.238 

194 

0 

0 

0 

2 

3 

5 

0 

10 

196 

0 

0 

0 

0 

0 

0 

0 

0 

0 

211 

4 

0 

0 

113 

40 

9 

0 

14 

180 

213 

0 

0 

0 1 

0 

0 

3 

5 

8 

225 

0 

0 

0 

36 

0 

0 

0 

36 

231 

0 

0 

0 

0 

0 

0 

0 

0 

361 

0 

0 

0 

0 

1) 

0 

0 

0 

420 

362 

0 

0 

123 

0 

30 

41 

25 

581 

421 

0 

0 

0 

0 

10 

0 

3 

13 

622 

0 

0 

0 

0 

0 

0 

996 

0 

996 

624 

0 

0 

10 

0 

0 

0 

10 

705 

0 

0 

1 0 

0 

0 

262' 

835 

332 

1.429 

710 

0 1 

0 

3 

0 

0 

0 

9 

12 

0 ! 

0 

0 

0 

0 

5 

0 

5 

0 

0 

0 

22 

0 

100 

0 

122 

740 

0 

0 

0 

0 

0 

18 

4 

22 

750 

0 

0 

0 

0 

0 

0 

0 

0 

0 

760 

0 

0 

0 

0 

0 

0 

0 

0 

0 

770 

0 

0 

0 

0 

3 

0 

0 

3 

Total 

708 

0 

721 

411 

118 

320 

2.003 

392 

4,673 

Irrigation 

nie  extent  of  land  available  for  irrigation  develop- 
ment was  determined  from  analyses  of  the  Conservation 
Needs  Inventory  compiled  by  the  USDA.  Soil  Suivcy 
Rejiorts.  irrigation  suitability  classillcatii'n  data  of  the 


Department  of  the  Interior.  Experiment  Station  research 
data  of  the  Land  Grant  Colleges,  and  from  data  from 
other  sources. 

The  following  definitions  and  criteria  were  developed 
in  order  to  de.scribe  the  potential  for  development  of 
lands  suitable  for  irrigation. 
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lirigMe  Land  is  land  having  soil,  topography,  drain- 
age. and  climatic  conditions  favorable  for  irrigation  and 
located  in  a position  where  a water  supply  is  or  can  be 
made  available. 

Current  Full  Service  Irriptkm  is  land  to  which  water 
is  usually  applied  by  controlled  artificial  means.  This  in- 
cludes ditch,  flood,  and  sprinkler  irrigation,  but  excludes 
such  things  as  sub-irrigation  and  floodwater  spreading 
systems. 

Current  Intermittent  Irription  includes  lands  havii^ 
partial  or  inadequate  water  supply.  It  also  includes  irri- 
gation floodwater  spreading  systems  by  diversion  of 
ephemeral  stream  floodflows  to  crop.  hay.  or  pasture 
land. 

IrripMe  l.and  not  now  Irrigated  is  land  with  soil, 
topography,  drainage,  and  climatic  conditions  suitable 
for  irrigation  but  located  where  current  water  supply 
facilities  arc  not  now  available,  though  they  can  be 
developed  to  supply  water  to  the  land. 

There  are  approximately  64,255.000  acres  of  land 
having  some  kind  of  irrigation  potential,  if  water  were 
available  (table  25).  Largely  because  of  extensive  areas 
with  favorable  lands  underlain  with  large  amounts  of 


ground  water,  Nebraska  has  the  greatest  acreage  of  irri- 
gable lands,  though  other  areas  are  tributary  to  potential 
surface  water  supplies.  This  is  true,  to  a lesser  extent  for 
Kansas,  which  shows  the  second  hi^st  amount  of 
irrigable  lands. 

In  determining  the  potentially  irrigable  lands,  an 
allowance  was  made  for  very  small  completely  isolated 
areas  with  no  available  water  and  for  areas  with  insur- 
mountable drainage  or  other  development  problems. 
However,  some  of  the  resource  areas  have  potentially 
irrigable  acreages  larger  than  those  reflected  in  the  Con- 
servation Needs  Inventory  data.  This  can  be  accounted 
for  partially  by  the  inclusion  of  lands  in  Capability 
Class  IV  and  Bureau  of  Reclamation  Class  6 in  (he  irri- 
gated lands,  and  partially  by  the  fact  that  the  CNI  data 
covers  only  privately  owned  lands,  wherc-as  the  total 
potentially  irrigable  area  includes  some  publicly  owned 
lands.  The  64,255,000  acres  of  irrigable  and  potentially 
irrigable  land  is  the  total  amount  available  for  possible 
irrigation.  All  Bureau  of  Reclamation  projects  require 
detailed  land  classification  investigationsand  certification 
to  the  Congress  that  the  lands  will  sustain  irrigation 
before  service  facilities  arc  constructed. 


Table  25  - SUMMARY  OF  IRRIGABLE  AND  IRRIGATED  LANDS 


Subhasin 

Total 

Itfigable 

Lands 

Current 
Full  Service 
Irrixation 

Irrigable 
Lands  not  Now 
Irrigated 

(Tbousand  Acres) 

Upper  .Missouri 

7,188 

U02 

418 

5.668 

Yellowstone 

3,722 

1.188 

235 

2,299 

Western  Dakota 

3,845 

209 

198 

3,438 

Eastern  Dakota 

9,797 

119 

113 

9,565 

Plattc-Niobrara 

12,U5 

2,986 

150 

8,979 

Middle  Missouri 

7,683 

103 

0 

Kansas 

13,315 

1,703 

0 

11,612 

Lower  Missouri 

6.590 

5 

0 

6.585 

Missouri  Basin 

64,255 

7.415 

1,114 

55,726 

Recreation 

There  are  approximately  7.2  million  acre.s  of  privately 
owned  forest  and  woodland  areas  in  the  basin  considered 
to  be  available  and  adaptable  to  various  recreation  uses. 
The  acreage  of  these  lands  by  subbasins  is  shown  in 
table  26.  A very  large  share  of  the  future  needs  for  pri- 
mary use  recreation  lands  should  be  met  by  these 
“adaptable”  private  lands.  Included  in  the.se  lands  with 
such  potential  are  important  private  acreages  within 
Indian  rc,servations  and  settlements.  A change  of  owner- 
•ship  would  not  be  required  to  meet  the  recreation  need 
shown  in  table  27. 

Althouglr  complete  data  are  not  available,  it  is  believed 
that  at  least  several  million  acres  of  Federal  land  are 
either  available  for  significant  recreation  use  or  arc  suit- 
able for  conversion  from  ancillary  to  primary  recreation 
use.  This  might  be  accomplished  througli  recreation 


development  and/or  cstablisliment  of  large,  designated 
areas  of  unusual  interest  and  opportunity.  Ihiblic  domain 
lands  undoubtedly  have  the  greatest  untapped  potential 


Table  26  - DESIRABLE  PRIVATE  LAND  ACREAGES 
CONSIDERED  AVAILABLE  AND  ADAPTABLE 
TO  ALTERNATE  RECREATION  USES 


Subbasin 

Estimated  l.and  Acreage' 

Upper  Missouri 

(Thousand  Acres) 
1.155 

Yellowstone 

967 

Western  Dakota 

523 

liastern  Dakota 

25 

Plaltc-Niobrara 

1,124 

Middle  Missouri 

224 

Kansas 

250 

Lower  .Missouri 

2,926 

.Missouri  Basin 

7.194 

I Acrciipus  sliovMi  .iro  im|  "lolal”  .ivailiililc  In  a.lili 

lion.  livsN  (lcMral)U'  land  will  ho  dcxol<i|H-d  or  used  for 
reoroalion  pnrposos. 
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Upper  Missouri 


Yellowstone 


Western  Dakota 


Ilastcrn  Dakota 


Plattc-Niobrara 


Middle  Missouri 


Water 

Impoundments 


(Surface  Acres) 
6.000 
1 1 ,000 


Developed 

Recreation 

Areas 


Lower  .Missouri 


Missouri  Dasin 


17.600 

60.600 
113.600 
60,000 

144.000 

370.000 


226.800 

720,000 

1.541.000 


600.700 


Undeveloped  Land 
Used  Primarily 
For  Recreation 


(Acres) 

253.100 

445.100 

657.100 

129.000 

393.000 

723.000 

115.600 

428.100 

605.200 

219.900 

376.500 

583.800 

113.000 

418.000 

805.000 

108.000 

174.000 

363.000 

138.200 

230.200 

343.800 
64.400 

266.000 

355.600 


1.141.000 

2.371.000 

4.437.000 
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Tree  Planting  Enhances  Recreation  Use  at  Many  Reservoirs 


in  both  of  these  respects.  However,  tlie  potential  of  De- 
partment of  Defense  areas.  National  Wildlife  refuges,  and 
national  forests  and  national  grasslands  for  similar  rec- 
reation opportunities  is  also  significant.  In  particular, 
national  forest  lands  present  many  c.xcellcnt  opportu- 
nities for  future  recreation  site  development.  Most  op- 
portunities for  establishment  of  major  recreation  areas 
on  existing  Federal  lands  wlicre  signillcant  increases  in 
user  intensity,  capacity,  and  satisfaction  could  be  realized 
will  be  associated  with  the  Montana,  Wyoming,  and 
Western  Dakota  areas.  Major  opportunities  to  develop 
Federal  lands  lor  recreation  use  also  e.xist  at  rc.scrvoirs 
and  on  other  Federal  lands  in  Colorado.  Kansas. 
Nebraska,  Missouri,  and  Iowa. 

Too  little  is  known  about  the  availability  of  state  and 
local  government  administered  areas,  for  either  recrea- 
tion use  or  development,  to  permit  any  meaningful 
acreage  estimates  to  be  made.  However,  contributions 
from  these  lands  arc  expected  to  be  important.  In  the 
northern  half  of  the  basin,  Indian  lands,  which  are  con- 
sidered to  be  part  of  the  private  sector,  offer  many 
good-to-e.xcellent  potential  areas  for  recreation  uses  and 
developments  where  only  limited  or  tolerated  use  occurs 
now.  In  Iowa  the  existence  of  county  conservation  and 
park  boards  offers  stimulus  and  a legal  means  of  devel- 
oping existing  and  acquiring  additional  lands  for  rec- 
reation purposes. 


The  possibilities  for  making  state  lands  available  for 
recreation  and  park  purposes  in  the  eastern  and  southern 
parts  of  the  basin  vary  with  the  state  and  area.  Tliey  are 
also  partially  dependent  on  clianges  in  state  laws  and 
regulations  and  on  the  availability  of  money  for  inter- 
agency leases  and  acquisitions.  However,  wliat  can  be 
realized  is  exemplified  by  (1 ) the.  recent  purchase  of  sev- 
eral thousand  acres  of  state  school  land  “inholdings” 
with  Custer  State  Park  iu  South  Dakota,  and  (2)  the 
proposal  to  convert  the  72,000-acre  Colorado  State 
Foreivt  in  northern  Colorado  to  a major  state  park. 
Auoiliei  general  state  sector  potential,  especially  appli- 
cable to  the  eastern  half  of  the  basin,  lies  in  carefully 
located  and  greater  general  recreation  development  of 
fisiiing,  hunting,  and  wildlife  management  areas.  Nearly 
all  such  areas  now  serve  recreation  purposes,  but  facili- 
ties are  frequently  absent  or  inadequate. 

Many  of  the  recreational  demands  have  not  generated 
the  market  conditions  necessary  for  private  development, 
llie  private  landowners  have  not  developed  the  recrea- 
tion potentials  of  their  lands  primarily  because  it  would 
not  pay  them  to  do  so. 

There  is  no  doubt  that  tlie  potential  for  increasing 
recreation  within  the  basin  is  present  m large  quantities. 
Further,  this  potential  is  spread  througliout  the  basin. 
Thus,  shortages  of  recreational  opportunities  have  been 
caused  from  the  failure  to  take  advantage  of  the  poten- 
tial. not  from  any  lack  of  land  capability. 
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Table  27  presents  projections  of  land  areas  needed 
for  recreation  in  1980,  2000,  and  2020.  The  acreages 
shown  are  in  addition  to  current  supplies. 

Fish  and  Wildlife 

Appro.\imately  320  million  acres  in  the  Missouri 
Basin  are  used  by  fish  and  wildlife,  thougli  the  species 
vary  by  habitat  and  other  conditions.  Of  primary  iin 
portance  is  the  intensity  of  fish  and  wildlife  use  in 
relation  to  how  the  basin  lands  and  waters  are  used  for 
other  purposes.  These  conditions  are  indicative  of  the 
adaptability  and  availability  of  basin  lands  and  waters 
for  tlsh  and  wildlife  use. 

file  total  land  and  water  area  used  by  Ish  and  wild- 
life falls  into  two  broad  categories  described  in  Chapters 
of  tiiis  appendix:  (I)  lands  and  waters  devoted  to  fish 
and  wildlife  as  a primary  use,  and  (2)  lands  and  waters 
where  fish  and  wildlife  arc  secondary  or  ancillary  users. 

About  310  million  acres  of  the  lands  and  waters  im- 
portant to  fisli  and  wildlife  fall  into  the  category  of 
ancillary  use.  This  includes  almost  all  of  the  private  lands 
and  a substantial  portion  of  the  public  lands.  Because  of 
the  tremendous  acreage  involved,  these  lands  and  waters 
supports  most  of  the  basin’s  fish  and  wildlife,  and  offer 
most  of  the  opportunities  for  further  development. 

llicre  arc  about  10  million  acics  of  land  in  the  basin 
considered  of  primary  use  for  fish  and  wildlife.  This 


latter  category  includes  lands  managed  by  several  Federal 
agencies  and  State  agencies,  and  numerous  small  areas  of 
privately  owned  land.  Private  lands  and  waters  account 
for  about  20  percent  of  this  area.  A substantial  portion 
of  the  lands  and  waters  in  the  National  Parks  and  in  some 
State  parks  is  known  to  be  of  great  importance  to  fisii 
and  wildlife.  At  present,  limited  data  prevent  classifica- 
tion and  an  estimate  of  the  acreages  of  primary  impor- 
tance to  fish  and  wildlife.  The  State  conservation 
departments  and  the  Bureau  of  Sport  Fisheries  and 
Wildlife  lease  or  hold  easement  rights  on  nearly  250.000 
of  these  acres.  Tlie  bulk  of  this  acreage  is  under  Bureau 
of  Sport  Fisheries  and  Wildlife  control  for  wetland  pre- 
servation purposes  in  the  Dakotas.  Many  State  easements 
arc  for  fislu'ng  or  hunting  access,  and  additional  ease- 
ments would  provide  opportunities  for  further  develop- 
ment of  this  resource. 

Over  half  of  the  total  acreage  on  which  fish  and 
wildlife  is  a primary  use  lies  in  the  Upper  Missouri  and 
Yellowstone  subbasins,  althougli  these  subbasins  include 
only  30  percent  of  the  total  basin  (figure  14).  This  is 
due  to  the  large  amount  of  public  land,  especially  the 
National  Forests  and  the  Public  Domain,  and  the  suit- 
ability of  these  lands  for  fish  and  wildlife  management. 
On  the  other  hand,  the  Middle  Missouri,  Kansas,  and 
Lower  Missouri  subbasins  contain  the  smallest  amounts 
of  lands  and  waters  on  which  fish  and  wildlife  manage- 
ment is  the  primary  use.  Tliese  are  the  subbasins  in  which 


Fishennen  Below  The  Spillway  Of  A Missouri  River  Basin  Dam 
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agricultural  land  use  is  most  intensive  and  the  greatest 
need  is  to  capitalize  on  all  opportunities  for  developing 
fish  and  wildlife  resources, 

In  general,  those  subbasins  containing  the  most  public 
land  also  have  the  most  opportunities  for  developing 
land  and  water  devoted  to  fidt  and  wildlife.  The  Eastern 
Dakota  Subbasin,  a notable  exception,  contains  a sigmT- 
icant  portion  of  the  Nation’s  small  marslies.  Througltout 
the  basin,  the  private  lands  account  for  millions  of  days 
of  recreation  and  more  millions  of  days  of  hunter  and 
fisliennen  activity.  For  the  most  part,  these  services  are 
provided  free  by  the  landowners  and  constitute  an 
ancillary  use  (figure  16).  However,  it  appears  that  the 
limits  of  these  voluntary  services  by  the  private  land- 
owners  are  being  reached.  It  will  be  necessary  to  provide 
some  kind  of  inducement  to  these  landowners  to  meet 
the  projected  future  needs. 

MAINTENANCE  AND  IMPROVEMENT  OF 
LAND  RESOURCES 

Maintenance  and  improvement  of  the  325  million 
acres  of  basin  lands  for  agriculture,  recreation,  fish.and 
wildlife  habitat,  urban,  and  many  other  uses  will  reqtdre 
conservation  measures  on  those  lands  not  now  adequaic- 
ly  protected  (table  28).  Maintenance  and  perioJtc  re- 
installation  of  many  measures  now  on  the  land  will  also 


be  required.  Measutes  that  protect  the  land  from  the 
natural  forces  of  water,  wind.  fire,  and  climate  affect 
both  yield  and  quality  of  water  as  well  as  land  use  and 
productivity.  Conser/ation  measures  will  also  contribute 
to  the  reduction  of  flood  hazards  in  rural  and  urban 
areas,  improve  water  disposal  or  removal  in  areas  where 
needed'  and  generally  enhance  recreational  arid  fish  and 
wildlife  values.  While  treatmenis.may  vary  from  one  area 
to:  another,  the-lcng;terni  result  common  to  nearly  all 
treai.'.ient  mcasures-is  that  of  sustained  or  increased  pro- 
duction. In  some  instances.  such  as  forage  yield,  increases 
muy  not  occur  for  a period,  of  years  because  the. deficit 
seated  by;  mismanagement  or  overuse  in  tire  past  must 
first  be  Satisfied'. 


Agricultural. Land 

Land  conservation  measures  will  diminish  peak  sf  ream 
Hows  .anti  sediment  produoiipu  5.aused  by  runoff  from 
Mimmer  storms.  However  the  idenlifiabie  effect  dimin- 
ishes as  distance  increases  from  the  treatmeru  areas, 
intensive  cropland,  foiest.  range,  or  pasture  management 
is  needed  to  stabilize  ciiticai  ntio.d-sburce, and  sediment- 
producing  areas. 

Land  conservation  measures  contribute  directly  to 
control  and  reduction  of  pollution.  Sediment  pr.)duced 


Ducks  Rising  From  Their  Ne.sting  And  Feeding  Area  Of  A Missouri  River  Hasin  Reservoir 
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Establishment  And  Maintenance  Of  Water^ed  Protection  Measures  Improve 
Productivity  Of  The  Basin’s  Agricultural  Lands 


by  erosion  is  a pollutant.  It  is  both  a mechanical  abrasive 
and  a contributor  of  unwanted  foreign  matter  that  must 
be  removed  before  water  can  be  used  beneficially.  Fine- 
grained sediment,  paiticularly  clay-sized  particles,  facili- 
tate transport  of  agricultural  pesticides,  herbicides, 
chemical  fertilizer,  and  animal  wastes  in  water.  Sediment 
yield  is  increased  by  improper  land  use  and  destructive 
agricultural  and  nonagricultural  exploitive  practices.  Eco- 
nomically and  aesthetically,  sediment  impairs  water 
quality,  contributes  to  swampy  conditions,  and  depletes 
water  storage  capacity  in  re.servoirs  and  streams. 

Sediment  causes  turbidity  in  flowing  streams  and  in 
some  reservoirs.  Therefore,  it  is  an  important  factor  when 
water  quality  problems  associated  with  turbidity  are 
under  consideration.  A reduction  in  volume  of  sediment 
entering  streams  will  prevent  serious  damage  to  fish 
spawning  beds  and  improve  fish  food  supply;  reduce  the 
costs  of  water  purification:  extend  the  life  of  reservoirs 
and  waterslied  structures;  and  decrease  the  cost  of  dredg- 
ing channels  and  harbors  for  navigation. 

Current  and  Projected  Status  of  Land 
Conservation 

Cropland,  Nonirrigaied-  There  tire  about  97  million 
acres  of  notiirrigated  cropland  iti  the  basin  with  widely 


varying  erosion  hazards  and  conservation  treatment 
needs. 

In  the  eastern  part  of  the  basin,  water  erosion  is  the 
dominant  problem  on  cropland.  Sheet  and  gully  erosion 
are  the  major  hazards  to  tilled  soils  that  occur  on  slopes 
exceeding  two  percent.  Runoff  is  fairly  rapid,  due  to  the 
slope,  except  in  the  sandy  soils.  Vegetated  waterways, 
ternaces,  contour  farming,  strip  cropping,  proper  use  of 
crop  residues,  adequate  use  of  fertilizers,  and  conversion 
of  marginal  croplands  to  permanent  vegetation  are  the 
major  treatments  needed  to  control  water  erosion  and 
provide  protection  to  cropland.  Agricultural  lands  with 
excess  water  need  draining  before  satisfactory  crop  yields 
can  be  obtained.  On  the  floodplains,  the  nearly  level 
well-drained  soils,  with  little  or  no  flooding  except  in 
abnormally  wet  seasons,  have  little  erosion  hazard. 
Simple  precautions,  such  as  the  maintenance  of  peren- 
nial vegetation,  are  needed  along  stream  channels  to 
prevent  streambank  erosion. 

In  the  western  and  northern  portions  of  the  basin, 
both  wind  and  water  erosion  are  the  dominant  problems 
on  cropland.  In  the  western  part,  inadequate  moisture  is 
a limiting  factor  in  crop  production.  An  alternate  crop 
and  fallow  system  is  necessary  to  produce  satisfactory 
yields  of  most  nonirrigated  crops.  Residue  management 
practices  which  allow  the  stubble  or  other  crop  residue 
to  remain  on  or  in  the  surface  of  the  soil  during  the 
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Table  28  - CURRENT  CONSERVATION  TREATMENT  AND  NEEDS' 


Subbasns 


Item 

Upper 

•Missouri 

YcHova- 

stone 

Wesicni 

Dakota 

Eastern 

Dakota 

Platte- 

Niobrara 

Middle 

.Missouri 

Missouri 
Basin  . 

NON-FEDERAL  LAND 

(Thousand  Acres) 

Cropland  (Non-Irrig.) 

10,203 

%.893 

Total 

9.757 

2.343 

9.097 

20,889 

12.850 

11.116 

20.638 

Adequate 

4,683 

960 

.A.184 

7.520 

4.369 

3.891 

7.223 

3.469 

35,299 

.Managcincnt 

4,879 

1.289 

ll84 

7.520 

3.212 

2.223 

5.985 

1.735 

30,027 

Mgnit.,  Vcc.,  & .Mc'ch. 

195 

94 

2.729 

5.849 

5.269 

5.002 

7,430 

4;999 

. 31,567 

Cropland  (Irrig.) 
Total 

953 

1.031 

198 

119 

2.784 

103 

1,703 

5 

6.896 

Adequate 

267 

258 

79 

75 

1.002 

34 

886 

2 

2,603 

Manaeeinent 

229 

412 

50 

29 

585 

21 

306 

I 

1.633 

Mgmt.,  Vcg.,  & Mech. 

457 

361 

69 

15 

1.197 

48 

511 

2 

2,560 

Pasture  S.  Range 
Total 

24.333 

31.677 

12.547 

35.147 

2.485 

13,619 

7.334 

152.664 

Adequate 

8.677 

9.003 

15.839 

4.893 

15.816 

721 

4.767 

2.420 

62.136 

Management 

13.527 

10,463 

12.037 

5,646 

15.465 

919 

6.265 

1,174 

65,496 

Mgmt.,  Veg.,  & Mech. 

3,318 

4.867 

3.801 

2.008 

3.866 

845 

2.587 

3,740 

25,032 

Forest  & Woodland 

Total 

1.964 

1.550 

977 

211 

1.936 

631 

597 

5,788 

13,654 

Adequate 

1.218 

899 

439 

116 

1.045 

189 

311 

2,662 

6,879 

.Manasement 

727 

605 

352 

38 

639 

335 

113 

2.547 

5,356 

Mgmt.,  Veg..  & Mech. 

19 

46 

186 

57 

252 

107 

173 

579 

1.419 

Other  (Ag.  & Non-Ac.) 

Total 

886 

350 

980 

2.424 

2.529 

1.220 

1,701 

1.510 

11,600 

Adequate 

806 

326 

784 

2.085 

2.276 

1.062 

1.122 

1.192 

9.653 

Management 

0 

3 

127 

218 

101 

134 

256 

46 

885 

.Mgmt..  Vcg..  & Mech. 

80 

21 

69 

121 

152 

24 

3'23 

272 

1,062 

Total  Private  Land 
Total 

39.082 

29.607 

42.929 

36.190 

55.246 

15.555 

38.258 

24.840 

Adc(|uatc 

15.651 

1 1.446 

20.325 

14.689 

24.508 

5.897 

14.309 

9.745 

Management 

19.362 

12.772 

15,750 

13.451 

20.002 

3.632 

12.925 

5.503 

.Mgmt.,  Veg..  & Mccli. 

4.069 

5.389 

6.854 

8.050 

10.736 

6.026 

1 1.024 

9.592 

ISSQii 

FEDERAL  LAND 

(Thousar 

id  Aetes) 

Pasture  & Range 

Total 

6,685 

9,281 

3,645 

6 

4.497 

... 

49 

7 

24.170 

Adequate 

3.677 

5.290 

2.369 

2 

2,428 

17 

4 

13.787 

Management 

2.340 

2,877 

911 

1 

630 

... 

22 

... 

6.781 

Mgmt.,  Veg.,  & Mech. 

668 

1.114 

365 

3 

1.439 

... 

10 

3 

3,602 

I'orest  & Woodland 

Total 

5.247  1 

4.523 

1.486 

33 

2.952 

1 

20 

170 

14.432 

.Adequate 

3.673 

4,116 

743 

18 

2.863 

1 

10 

153 

11.577 

Management 

1,049 

180 

430 

6 

60 

r 

4 

... 

1.729 

Mgmt..  Vcg..  & .Mech. 

525 

*>'>7 

313 

9 

29 

T 

6 

17 

1.126 

Otlier  (Ag.  & Non-Ag.) 

1 

i 

4,380 

Total 

1.279 

1,442  i 

824 

326 

15 

213 

Adequate 

1.151  ; 

700 

326 

13  ' 

111  j 

3.939 

.Manauement 

51  ! 

66 

■19 

... 

1 

40  1 

174 

Mgmi.,  Veg..  & Mech. 

Total  Federal  Land 
Total 

77 

58 

8 

... 

1 

62  ! 

■m 

267 

13.211 

15.246 

5.955 

! 

7.775  ; 

16 

1 

1 

282 

285 

42,982 

Adequate 

8.501 

10.815 

.3.812 

169 

5.617 

14 

138 

237  i 

29,30.5 

.Management 

3.440 

1.407 

23 

690 

1 

66 

... 

8,(.84 

Mgmt..  Vcg..  & .Meeh. 

1.270 

736 

20 

1.468 

1 

78 

48 

4.995 

' I aiul  A<K'i|ualv'l.\  Maiiajicd  t>r  Iri'aU'il  - hitludcs  all  laiul  oh  which  the  uce,  iiiaiiagenient  aiul  ireatmeiit  nieelc  the  iiiiiiiniuiu 
.stallilards  of  the  coiwervatmii  progtaiits  of  the  SI’S,  Soil  1 oii.cercalioii  Districts,  the  Indian  Service,  or  of  the  1 edcral  l-.uid 
Maiiatteiiieiil  Aiteiiev  loiivenied.  It  iitcliide.s all  l\|iesol  inanac.enieiil,  vegetation,  and  ntechanical  practices. 


litllinv  periods  .ire  needed  to  reduce  soil  losses  and  ton- 
serve  imnsUite.  Strip  cropping,  eontotir  riirming,gr.issed 
w.iterwavs.  and  tci  rates  may  be  necessary  to  tontrol 
eiosion. 

It  IS  estimated  that  .ibotit  35  million  acres,  or  3(i  pci- 
tent.  t>l  the  nomrrigatcd  ctopland  are  adequately  treated 
at  the  present  time.  About  30  million  .ttrcs  need  only 


the  installation  of  improved  management  measures  to  be 
considered  adequately  treated.  Many  of  these  practices, 
•such  as  stubble  mulching  and  snip  cropping,  tan  be  in- 
stalled with  minitmim  expense.  About  33  million  acres 
requiie  vegetative  and  mechanical  measures  such  as  the 
construction  of  terraces  and  vvater\\.iys  to  reduce  erosion 
and  sv.il  lo.s  as  well  as  improved  management  measures. 
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Cropland:  Nearly  Two-Thirds  Of  The  Cropland  Still 
Needs  Protection  From  Erosion  With  Practices 
Similar  To  Those  Used  On  This  Nebraska  Farm 


It  is  expected  that  the  percentage  of  land  adequately 
treated  will  increase  to  about  48  percent  b>  1980,  to  63 
percent  by  2000,  and  to  77  percent  by  2020. 

Crooland,  Irrigated-  Approximately  6,896,000  acres  of 
cropland  in  the  basin  are  irrigated.  Mv,st  of  this  acreage  is 
located  in  the  western  part  of  the  basin.  The  addition  of 
irrigation  water  to  suitable  cropland  areas  reduces  the 
limitation  of  inadequate  moisture.  It  is  important  to 
keep  a good  vegetative  cover  on  or  in  the  surface  of  irri- 
gated soil.  Water  quality  cotttrol.  reducing  water  delivery 
losses,  adequ'ate  storage  facilities,  drainage,  tnaintenance 
of  fertility,  and  improved  on-farm  irrigation  water  man- 
agement are  the  major  requirements  for  maintaining  the 
land  resources.  About  2.6  million  acres  or  38  percent  of 
the  irrigated  cropland  is  presently  considered  to  be 
adequately  treated.  About  24  percent  needs  improved 
management  practices  such  as  the  proper  application  of 
irrigation  water,  crop  residue  management,  proper  crop- 
ping systems,  and  maintenance  of  fertility  to  be  ade- 
quately managed.  About  38  percent  needs  mechanical 
measures,  such  as  land  leveling  and  smoothing,  the  in- 
stallation of  drainage  ditches  or  tile,  and  the  improve- 
ment of  on-faim  irrigation  systems  in  addition  to 
management  measures  to  be  adequately  treated.  It  is 
expected  that  the  proportion  of  land  adequately  treated 
will  increase  to  about  50  percent  by  1980,  to  67  percent 
by  2000,  and  to  81  percent  by  2020. 

Pasture  and  Range-  There  ate  about  177  million  acres  of 
pasture  and  range  in  the  Missouri  Basin,  with  about  153 
million  acres  of  non-Federal  privately  owned  and  24  mil- 
lion acres  federally  owned  land.  In  the  eastern  part  of 
the  b.isin,  the  pastures  are  in  small,  scattered  tracts.  Most 
pastures  are  in  lowland  areas  subject  to  frequent  flooding 
.>1  I <11  areas  where  .dopes  are  too  steep  or  soils  arc  too 
lutl.iw  n>r  cultiv.ition.  The  major  problem  of  pasture 
, j 'eiuent  i-  over-grazing.  The  grass  is  grazed  so  close 
■ ! t'lJ  are  weakened.  Wlierc  pastures  are  on  rolling 
■■  I ■<  it  the  plants  are  unable  to  control  soil  ero- 


sion. The  main  practices  needed  to  treat  pasturebnd  are 
proper  use,  rotation  grazing,  ferijlit'ing.  and  reseeding 
depleted  areas. 

Rangeland  mainly  occurs  in  the  Biuestem  Hills  area  of 
Kansas  Subbasin,  Sand  Hills  of  Nebraska,  and  the  north- 
ern and  western  parts  of  the  Missouri  Basin.  Much  of  the 
rangeland  is  on  steep  land,  shallow  soils,  or  areas  gener- 
ally not  suitable  to  cultivation.  The  needs  are  proper  use, 
rotation  grazing,  development  of  adequate  stock  water 
facilities,  reseeding  of  depicted  areas,  and  in  some  areas 
control  of  competing  weedy  vegetation. 

The  mountain  parks  and  meadows  and  alpine  grass- 
lands are  grazed  mostly  in  summer.  These  lands,  because 
of  the  short  growing  season,  long-term  recovery  period, 
and  their  association  with  higli  water-yielding  areas,  are 
particularly  important  from  a watershed  protection 
standpoint.  Tlic  vegetative  turf  common  in  these  areas  is 
the  orimary  form  of  watershed  protection.  While  this 
turf  is  quite  hardy,  continual  overuse  is  extremely  detri- 
mental to  it,  and  an  erosion  process  can  be  started  that  if 
difficult  to  control.  At  the  higher  elevatic'’  ang:  readi- 
ness, livestock  distribution,  proper  use,  and  I'.oak  removal 
when  proper  use  has  been  obtained  are  important  in 
maintaining  a good  ground  cover. 


Grasslands:  Almost  Half  Of  The  Basin’s  Grasslands 
Is  Well  Man.iged  And  Properly  Treated 


Range  Revegetation,  Fencing,  And  Proper  Range 
Management  Practices  Are  Improving  Forage 
Production  And  Stabilizing  Soils 


About  62  million  acres  or  41  percent  of  the  non- 
Federal  and  14  million  acres  or  57  percent  of  the  feder- 
ally owned  range  and  pasture  land  is  currently  adequately 
treated.  About  65  million  acres  or  43  percent  of  the 
non-Federal  and  seven  million  acres  or  28  percent  of  the 
Federal  land  need  only  the  application  of  proper  man- 
agement practices  such  as  prope-  grazing  to  maintain  or 
improve  the  grass  condition.  About  25  million  acres  or 
16  percent  of  the  non-Federal  land  and  3.6  million  acres 
or  1 5 percent  of  the  federally  owned  range  and  pasture 
land  need  vegetative  and  mechanical  practices  such  as  re- 
seeding. control  of  competing  vegetation,  or  construction 
of  water  facilities.  It  is  estimated  that  the  non-Federal 
and  Federal  range  and  pasture  land  adequately  treated 
will  increase  to  51  and  64  percent  in  1980.  to  66  and  83 
percent  in  2000,  and  78  and  96  percent  in  2020. 
respectively. 

Forest  and  Woodland-  Tliere  arc  about  28  million  acres 
of  forest  and  woodland  in  the  Missouri  Basin,  with  13.6 
million  acres  in  non-Federal  and  14.4  million  in  Federal 
ownership.  The  principal  forested  areas  arc  in  the  Ozark 
Highlands,  the  Black  Hills,  and  the  Rocky  Mountains.  In 
the  Ozark  Highlands  the  forest  is  mainly  of  the  oak- 
hickory  type.  The  forested  portions  of  the  Black  Hills 
area  consist  of  ponderosa  pine.  In  the  Rocky  Mountains, 
the  forested  areas  consist  principally  of  lodgepole  pine, 
ponderosa  pine,  true  fir,  spruce,  and  Douglas  fir.  In  the 
other  parts  of  the  basin,  the  cottonwood-clm-oak  type 
occurs  along  the  principal  river  bottoms  and  in  areas  too 
rough  or  shallow  foi  cultivation.  A considerable  acreage 
of  woodland  consists  of  trees  planted  for  field  aiulTarm- 
stead  windbreaks  and  shelterbelts. 

Both  liglitning  fires  and  man-caused  fires  have  devas- 
tated certain  critical  mountain  slopes  by  destroying  plant 
cover  and  humus.  Careless  cutting  and  logging  operations 
have  caused  erosion  and  streamflow  disturbam-es  along 
the  eastern  front  of  the  Rocrvy  Mountains,  in  parts  of  the 


Tree  Planting  in  Windbreaks  And  Shelterbelts  Gives 
Added  Protection  To  Croplands  And  Farmsteads 
Of  These  North  Dakota  Farms 


Black  Hills,  and  througlrout  the  Ozarks.  Uncontrolled 
woodland  grazing,  especially  in  the  hardwood  areas,  has 
compacted  the  top  soil  and  caused  accelerated  erosion 
on  thousands  of  acres.  The  forest  can  be  improved 
throughout  the  basin,  particularly  in  enhancing  water 
production  and  flood  runoff  reduction.  Progress  in  these 
two  aspects  has  been  made  on  the  Federal  forest  lands, 
but  much  still  remains  to  be  accomplished  even  on  these 
areas. 


Fire  Destroys  Humus,  Increasing  Erosion  and  Runoff 


Most  of  the  non-Federal  woodlands  arc  in  small  hold- 
ings. Land  conservation  could  be  improved  on  these 
lands  by  range  management  practices  to  control  grazing. 
Wiien  trees  are  harvested,  proper  road  location  and  de- 
sign, skidding  methods,  erosion  control  measures,  and 
regeneration  of  new  stands  are  needed. 

Tire  federally  owned  forest  lands  include  some  of  the 
high  water  yielding  areas  of  the  basin.  Management 
practice.s  include  timber  stand  impiovement  measures, 
thinning,  timber  harvest  planning,  .slash  and  debris  dis- 
posal. road  location  and  design,  and  erosion  control 
measures  during  the  following  limber  harvest. 

It  is  estimated  that  6.9  million  acres  or  50  percent  of 
the  non-Federal  owned  land  and  1 1 .6  million  acres  or  80 
percent  of  the  federally  owned  forest  and  woodland  are 
adequately  managed  or  treated  at  the  pre.sent  time.  Ap- 
proMinately  5.4  million  acres  of  the  non-rederal  land 
and  1.7  million  acres  of  the  Federal  land  need  proper 
management-ty  pe  practices  only  .such  as  protection  from 
fire,  disease,  insects,  and  grazing  control.  The  balance. 
1.4  million  acres  of  non-Federal  land  and  !,.l  million 
acres  of  Federal  land,  needs  establishment  ol  practices 
such  as  removal  of  undesirable  trees,  replanting  oi  re- 
forestation and  proper  or  timely  harvesting  in  addition 
to  improved  management  practices. 

'llie  percentage  of  land  adequately  ireated  is  expected 
to  increase,  for  non-Federal  and  Federal  lands  respec- 
tively. to  56  and  83  percent  in  1980,  to  o2  and  89  per- 
cent in  2000,  and  to  68  and  93  percent  in  2020. 
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Other  Land-  Tlierc  are  about  1 6 million  acres  classitlcd  environmental  considerations,  wildlife  habitat,  as  well  as 
as  “Other  Land"  in  the  basin.  Of  this  amount,  about  for  erosion  control  purposes. 

1 1.6  million  acres  are  in  non-Federal  ownership.  This  in-  About  9.6  million  or  83  percent  of  the  non-Federal 

eludes  about  3.6  million  acres  of  agriculture  land,  farm-  land  and  3.9  million  acres  of  the  fedeially  owned  land  or 

steads  and  farm  roads,  wildlife  areas  on  farms  and  ‘W  percent  in  this  category  is  adequately  treated.  About 

ranches,  or  idle  land.  About  8 million  acres  are  used  for  0-9  million  acres  of  the  non-Federal  land  and  four  per- 

non-agricultural  purposes  such  as  urban  areas,  cemeteries.  cent  or  0.2  million  acres  of  Federal  land  requires  man- 

city  and  state  parks,  higliways.  rural  non-farm  residences.  agement  type  practices,  such  as  improved  fire  and  insect 

and  other  rural  areas  with  non-agricultural  uses.  The  4.4  control  or  wildlife  management.  About  1 .1  million  acres 

million  acres  of  Federal  land  in  this  group  are  used  for  of  the  non-Fcderal  land  and  0.3  million  acres  of  the 

parks,  wilderness  areas,  wildlife  refuges,  and  recreation  Federal  land  require  establishment  of  vegetation  or 

areas  around  large  federally  constructed  impoundments.  erosion  control  measures,  such  as  drop  structures  or 

Runoff  is  generally  higli  on  urban  and  transportation  other  vegetative  and  mechanical  measures,  to  stabilize 

areas.  Tlie  conservation  measures  are  related  to  the  con-  drainageways. 

trol  of  erosion  in  the  drainageways.  by  such  means  as  ll  is  e.xpcctcd  that  adequate  treatment  of  the  non- 

establishment  and  maintenance  of  vegetation,  drop  Federal  and  Federal  lands  in  this  classification  will  in- 

structures,  or  similar  installations.  A significant  part  of  crease  to  86  percent  and  91  percent  by  1980.  to  89  and 

the  area  needing  treatment  is  associated  with  urban  95  percent  by  2000.  and  to  92  and  96  percent  by  2020. 

development  and  highway  and  road  construction.  Dis-  respectively, 

turbed  or  raw  areas  arc  subject  to  high  rates  of  runoff 
and  severe  erosion  during  higli  intensity  rain  storms.  Recreation  Lands 
Strip  mining  and  other  mineral  activities  affect  relatively 
small  areas,  but  require  intensive  treatment  and  manage- 
ment to  avoid  widespread  effects.  Some  of  the  best  known  recreation  lands  of  the 

Parks  and  military  areas  generally  have  a good  cover  United  States  are  situated  in  the  Missouri  Basin.  They 

and  require  treatment  of  only  the  more  intensively  used  are  chaiacteri/.ed  by  the  cliche  “wide  open  spaces".  They 

areas.  Conservation  practices  primarily  are  management  offet  ideal  recreation  environment  and  contain  unusual 

measures  required  to  maintain  the  vegetative  cover  for  potential  for  recreational  oppoitunittes  attractive  to 


Other  Lands:  About  Three-Fourths  Of  The  Transportation.  Urban,  And  Built-Up  Area  Has  Been  Treated 

For  Erosion  Prevention  Measures 
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lourisis.  Recreation  and  tourism  are  important  enter- 
prises in  many  locations  m the  basin.  Completion  of  the 
interstate  higliway  system  will  greatly  enhance  and  in- 
crease recreational  travel  within  the  basin.  Appro.xi- 
mately  50.300.000  acres  or  15  percent  of  the  basin  is 
used  for  recreation,  and  about  175.000  acres  arc  inten- 
sively developed  to  serve  this  purpose.  Detailed  problems 
and  needs  for  improving  recreation  lands  arc  included  in 
the  Present  and  Future  Needs  Appendix. 

The  loss  of  lands  which  could  probably  serve  their 
higliest  use  through  dedication  to  recreation  and  aesthetic 
purposes  becomes  more  important  each  year.  Generally', 
recreation  problems  are  more  acute  in  and  near  fast 
growing  urban  areas,  the  demands  arc  great  for  lands 
along  rivers,  streams,  and  lake  shores  for  both  private 
uses  and  water  resource  developments. 


The  Demands  Are  Great  For  Acce.ss  And  Development 
of  Recreation  Use  And  Fish  And  Wildlife  Habitat  Along 
Rivere,  Streams.  And  Lake  Shores 


Tltc  mounting  loss  of  quality  environment  is  inter- 
twined with  the  loss  of  quality  recreation  lands.  The 
problem  is  especially  noticeable  and  dilTicult  in  and  near 
the  larger  cities  of  the  basin.  A general  failure  to  recog- 
ni/c  creeping  ugliness  coupled  with  an  absence  of  unined 
action  to  do  anything  about  it  are  nuajor  factors. 

Environmental  problems  arc  less  serious  in  nonurban 
areas,  but  there  is  a potential  for  widespread  and  irrep- 
arable loss  of  aesthetics  in  many  locales  that  could 
transcend  the  losses  that  have  occurred  in  basin  cities. 
Good  land-use  planning  and  controls,  special  recreation 
area  zoning,  and  private  owner  cooperation  will  be  essen- 
tial. In  the  future,  as  now.  roadside  and  waterfront  zones 
will  be  problem  areas  and  will  demand  special  attention. 

Hie  job  of  meeting  the  transportation  need  in  areas 
of  difficult  terrain,  while  preserving  the  adjacent  scenic 
resource,  could  prove  to  be  one  of  the  most  challenging 
future  problems. 

Many  reservoir  and  other  recreation  areas  in  the  Great 
Plains  lack  adequate  shade  and  screening.  The  plains 
portion  of  the  basin  is  noted  for  numerous  clear  and  hot 
days,  so  the  need  for  trees  and  shade  is  considerable  not 
only  in  recreation  areas,  but  in  areas  of  proposed  future 
development. 

Thousands  of  miles  of  additional  good  acce.ss  roads 
along  the  Missouri  River  are  needed  in  Montana,  the 
Dakotas,  and  Missouri  in  particular.  Considerable  county- 
State-Fi'deral  and  private  sector  cooperative  action  will 
be  needed  to  overcome  these  access  limitations. 

Recreation  is  one  of  the  beneficial  uses  recognized  by 
all  of  the  basin  States  in  the  development  of  their  water 
quality  standards.  Standards  have  been  developed  to 
maintain  the  high  water  quality  required  for  body  con- 
tact, aquatic  sports,  and  other  recreational  activities. 

Recent  Congressional  action  has  designated  a number 
of  rivers  and  lands  adjacent  thereto,  as  components  of 
the  National  Wild  and  Scenic  Rivers  System.  Althougli 
no  rivers  in  the  Missouri  River  Basin  have  been  included 
in  the  system,  two  of  the  basin  rivers  have  been  desig- 
nated for  additional  study  and  potential  addition  to  the 
wild  and  scenic  rivers  system.  They  are  the  entire  265- 
milc  length  of  the  Gasconade  River  in  Missouri  and  a 
185-mile  leach  of  the  Missouri  Rivei  between  Fort 
Benton  and  Ryan  Island  m Montana.  Six  other  Missouri 
Basin  river  reaches  totaling  720  miles  were  considered  in 
various  propvrsals  made  prior  to  the  establishment  of  the 
system  The.se  riveis  also  should  be  considered  to  have 
potential  for  future  addition  to  the  system. 

Several  of  the  aesthetically  unique  candidate  livers 
included  in  earlier  proposals,  as  well  as  several  excellent 
reaches  of  non-candidate  rivers,  are  or  will  be  endangered 
by  proposed  water  resotiicc  developments.  Most  com- 
monly . impvnmdment  or  thanneli/atioii  will  be  involved. 
Careful  planning  and  thorough  consideration  ol  needs 
and  alternatives  will  be  absohit  '■  essential  to  ictain 


some  of  the  more  outstanding  free-flowing  rivers  and 
fisheries  of  the  Missouri  Basin  and  the  Nation. 

Tliere  are  many  liistoric  and  archeologic  sites,  no- 
tably the  remnants  of  once  bustling  mining  towns  in 
Montana  and  Colorado,  that  will  eventually  be  lost  if 
sufficient  interest  and  funding  are  not  secured  for  their 
conservation. 

Fish  and  Wildlife  Lands 

The  more  significant  fish  and  wildlife  problems, 
whether  physical.  legal,  or  institutional,  are  discussed  in 
the  appendix  “Present  and  Future  Needs.” Tlicse  include: 
(1)  poor  distribution  of  fishing  and  hunting  demand 
relative  to  .supply,  (2)  legal  and  physical  restrictions  on 
public  access,  and  (3)  changes  in  game  habitat  associated 
with  land  use  and  management.  Many  of  the  problems 
can  be  resolved  or  minimized  with  coordinated  develop- 
ment planning. 

In  the  eastern  part  of  the  basin,  the  major  opportunity 
for  increasing  fi.shing  lies  in  the  construction  and  use  of 
small  reservoirs.  Generally,  single-purpose  fishing  lakes 
of  1 00  to  300  acres  located  within  easy  range  of  popula- 
tion centers  will  best  serve  the  need.  Such  lakes  can  be 
efficiently  managed  for  maximum  production,  fishing 
quality,  and  public  use.  Multi-purpose  reservoirs  also 
offer  opportimities.  Planning  of  such  impoundments 
must  be  fully  coordinated  among  agencies  concerned  and 
fishery  enhancement  features  adequately  considered  in 
project  formulation. 

Only  a limited  tuimbcr  of  resource  development  po- 
tentials exist  for  increasing  liimting  near  the  major 
population  centcis.  Preservation,  enhancement,  or  devel- 
opment of  wildlife  habitat  in  conjunction  with  urban- 
related  development  should  receive  a high  priority  in 
planning. 

While  there  will  be  much  less  need  for  fish  and  wild- 
life development  in  the  upper  part  of  the  basin  to  supply 
resident  demand,  considerable  maintenance  and  improve- 
ment of  latid  resources  will  nevertheless  be  required. 

The  Missouri  Basin  contributes  significantly  to  nation- 
al as  well  as  regional  waterfowl  production.  Maintenance 
and  improvement  of  this  resource,  both  within  and  with- 
out the  basin,  is  heavily  dependent  on  the  wildlife 
habitat  that  is  maintained  within  the  basin. 

Public  use  of  private  lands  foi  hunting  and  fishing 
these  re.soiirces  is  permissive  b>  owners,  a prerogative 
that  certainly  should  not  be  changed.  Nevertheless,  a 
coordinated  effort  to  provide  effective  arrangements 
from  the  land  owner's  pont  of  view  and  to  improve 
public  access  to  fish  and  wildlife  areas  is  necessary  to 
5ain  a fuller  use  of  these  resources. 

Acquiring  land  for  public  hunting  and  fishing,  never  a 
paiticularly  popular  idea  in  must  ul  the basiiuultcn will 
be  prohibitive  because  of  the  high  eost.  Despite  this. 


many  fishing  access  sites  should  be  acquired  outright. 
More  and  better  roads  will  be  required  in  the  future. 
Access  to  publicly  controlled  areas  for  hunting  and 
fisliing  sliould  be  unlimited,  except  to  the  extent  actually 
needed  to  be  consistent  with  tlic  purposes  for  which  the 
areas  arc  :naiiaged. 

Tliere  arc  opportunities  for  maintaining  and  improv- 
ing land  and  water  areas  and  the  enhancement  of  fisli 
and  wildlife  habitat  with  land  treatment  measures  and 
improvement  in  land  management  practices.  These  op- 
portunities arc  particularly  apparent  along  the  eastern 
.slope  of  the  Rocky  Mountains  where  outstanding  natural 
trout  waters  and  big-game  habitat  occur.  However,  op- 
portunities for  maintaining  and  improving  hunting  and 
fislting  habitat  arc  not  confined  to  the  west  as  there  arc 
important  opportunities  in  the  rest  of  the  basin.  Among 
the  more  notable  examples  are  the  streams  in  the  Ozark 
Plateaus  of  Missouri  and  the  Black  Hills  of  South  Dakota 
and  Wyoming,  the  wetlands  of  the  Dakotas,  and  the 
natuial  lake  complexes  remaining  in  the  Dakotas  and 
Nebraska. 

A variety  of  wildlife  habitat  opportunities  are  iden- 
tified for  agricultural-related  lands.  Many  opportunities 
for  wildlife  arc  realized  througli  small  watershed  devel- 
opment when  adequate  consideration  is  given  in  the 
planning. 

Highway  construction  and  strip  mitiing  planned  with 
adequate  consideration  of  wildlife  offer  some  excellent 
opportunities  to  retain  and  enhance  wildlife  usage  and 
public  enjoyment. 

BASIC  LAND  DIVERSIONS  NOT  AVAILABLE 
FOR  ALTERNATE  USES 

Full  development  of  the  basin's  resources  to  help 
meet  national  requirements  foi  goods  and  services 
means  that  towns,  industries,  and  transportation  systems 
must  continue  to  grow.  All  such  growth  will  require 
additional  land.  In  most  instances,  use  of  land  for  these 
special  purposes  precludes  its  future  use  for  other  pur- 
poses. Lands  will  also  be  required  for  the  use  of  mineral 
industries  atul  for  military  purposes.  Generally,  these 
lands  arc  not  icadily  adaptable  for  returning  to  other 
rc.sourcc  use  without  extensive  rehabilitation.  In  addi- 
tion, other  lands  will  be  required  for  installations  and 
developments  for  the  implementation  of  the  framework 
plan  proposed  by  this  icport.  Once  diverted,  most  of 
such  lands  will  not  be  available  for  future  alternate  uses. 

Transportation,  Urban,  and  Built-up  Areas 

Lands  needed  for  the  developtneiu  of  transportation, 
urban,  ami  built-up  areas  w ill  be  .ivailable  as  ncedtu.  it 
must  be  presutned  that  land  for  these  needs  will  alwavs 
be  made  .nailable.  At  the  present  time,  there  are  about 
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Once  Land  Is  Dedicated  To  Uses  Such  As  Highways  And  Urban  Development,  It  Is  Not  Available  For  Alternative  Use 
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7.680.000  acres  of  land  in  this  type  of  use.  It  is  pro- 
jected that  it  will  increase  to  8,492,000  acres  in  1980,  to 

10.035.000  acres  in  2000,  and  to  12,483,000  acres  in 
2020.  Areas  diverted  for  these  developments  will  be 
almost  entirely  from  lands  whose  primary  use  is  agricul- 
tural, but  other  uses,  such  as  recreation,  fish,  and  wild- 
life. will  also  be  affected. 

Military  Lands 

Lands  needed  for  niililary  purposes  will  be  available 
as  needed  and  at  locations  desired,  but  it  is  not  possible 
to  predict  the  future  demands.  In  1965  the  utilization  of 
lands  for  primary  military  purposes  was  622,000  acres. 


The  projections  for  1980,  2000,  and  2020  arc  kept  at 
this  same  level  for  purposes  of  this  study. 

Mineral  IndustiV  Lands 

Lands  used  in  the  mineral  industry  amounted  to 

33.000  acres  in  1965.  This  is  projected  to  increase  to 

53.000  acres  in  1980,  69,000  acres  in  2000,  and  88,000 
in  2020.  Almost  all  of  this  diversion  will  be  from  agri- 
cultural use  and  mostly  from  pasture  and  range.  There  is 
a growing  public  demand  for  the  return  of  these  lands  to 
other  beneficial  uses  after  the  mineral  resources  have 
been  depleted. 


Dams,  Electric  Power  Plants,  And  Switchyards  Are  Permanent  Installations  Of  River  Basin  Development 
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CHAPTER  5 


FRAMEWORK  PLAN- 
PRIMARY AND  ANCILLARY 
LAND  USE  SUMMARY 


INTRODUCTION 

The  iniplcnicntation  of  the  framework  plan  for  the 
development  and  protection  of  tiie  basin’s  water  and  re- 
lated land  resources  will  change  in  the  availability,  nature 
of  use,  and  also  the  intensity  with  which  the.se  resources 
arc  used.  Only  the  changes  in  land  use  are  covered  in  this 
chapter.  Tlie  corresponding  changes  in  intensity  and 
productivity  are  evaluated  and  discussed  in  the  appendix 
on  Plan  of  Deveiopment  and  Management  of  Water  and 
Related  Land  Resources. 

Tlte  future  use  of  land  resources  will  be  affected  by 
many  forces.  Some  factors  arc  basic  in  nature  and  will 
occur  independently  of  the  planning  effort.  Future  re- 
quirements for  transportation,  habitation,  industrial  sites, 
national  defense,  and  projects  currently  funded  but  not 
constructed  are  basic  to  the  well-being  and  economic  ex- 
istence of  people.  Generally,  the  prices  necessary  to 
divert  such  lands  from  existing  uses  are  not  a deterrent 
to  their  acquisition.  Such  basic  land  diversions  and 
changes  in  land  use  must  be  included  in  an  analysis  of 
land  use  changes  resulting  from  the  proposed  plan.  Proj- 
ections of  these  basic  land  diversions  plus  projections  of 
land  area  which  will  be  removed  from  agricultural  pro- 
duction by  uncontrolled  gully  erosion  arc  shown  in 
table  29. 

Projected  land  use  and  availability,  without  implemen- 
tation of  any  activities  other  than  these  basic  diversions, 
is  summarized  m table  .30.  Projections  of  land  availability 
are  .sequential  by  time  period.  Bstimation  and  inclusions 
in  the  first  tunc  period  affect  the  starting  base  inventory 
of  each  subsequent  time  period.  Many  changes,  other 
than  basic  diversions,  will  occur.  The  table  shown  is  not 
a projection  of  land  use.  but  merely  .shows  the  adjust- 
ment in  current  normal  for  funded  reservoirs  being  con- 
structed and  basic  diversion  in  tlie  projection  period.  It 
provides  a 1980  base  from  which  sequential  changes  will 
occur  with  implementation  of  the  plan.  In  addition,  the 
table  lists  projected  land  changes  in  subsequent  lime 
periods  and  land  availability  by  2020. 


WATER  AND  LAND  RESOURCE 
FRAMEWORK  DEVELOPMENTS 

To  adequately  plan  future  programs  for  water  and 
land  resource  use  and  development,  all  foreseeable 
changes,  both  public  and  private,  must  be  considered. 
Tlie  framework  plan  described  in  the  appendix  on  Plan 
of  Development  and  Management  of  Water  and  Related 
Land  Resources  considers  both  public  and  selected  pri- 
vate development  features.  Such  comprehensive  coverage 
of  foreseeable  changes  is  a necessity  for  p'anning,  analy- 
zing, and  projecting  land  availability  in  the  future. 

The  framework  plan  for  the  Missouri  Basin,  which  will 
be  a guide  for  future  action  programs,  consists  of  the 
following: 

1.  Continuation  of  current  specified  programs  and 
activities. 

2.  Additions  and  modifications  to  existing  develop- 
ments. 

3.  Water  control  and  related  land  developments. 

4.  Environmental  eiiluinccment  features. 

5.  Non-structural  measures. 

To  accomplish  the  purposes  exemplified  by  these  com- 
ponents. the  framework  plan  provides  for  developments 
which  arc  both  single  and  multiple  purpose  in  nature.The 
plan  also  outlines  a scheduling  for  implemcntating  the 
planned  developments. 

Tlie  comprehensive  plan  consists  of  two  elements  of 
projected  changes.  The  first  includes  such  things  as  re- 
search, technology,  land  conservation,  and  the  trends  in 
individual  actions  which  are  evaluated  and  projected  only 
with  respect  to  their  contribution  to  the  use  and  capa- 
bility of  the  basin's  resources  in  the  future.  Ilte  second 
element  includes  functional  features  of  the  recommended 
framework  development  plan  which  will  change  future 
land  use,  capability,  and  availability  when  implemented. 

Clear  separation  of  the  elements  of  the  f ynework 
plan  into  public  and  private  activities  is  difficult  due  to 
the  many  varied  Federal  agencies'  direct  activities  and 
Federal  programs  for  cost-sharing  and  technical  assist- 
ance. Furthermore,  separation  of  elements  with  respect 
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Table  29  - PROJECTED  LAND  REQUIREMENTS  FOR  TRANSPORTATION,  URBAN,  BUILT-UP  AREAS, 
FUNDED  RESERVOIRS,  MILITARY,  AND  MINERAL  LANDS,  AND  GULLY  EROSION, 

1980. 2000,  AND  2020 


Subhasin 

and 

Taiget  Year 

Timiportalion, 
Urban,  Built-up, 
* Mililary 

Mineral 

industry 

Gully 

Erosion 

Funtkd 

Reservoirs 

Total 
-Land  Use 
Qiange 

(Tbo( 

iisand  Acres  Increme 

ntal) 

1980 

Upper  Missouri 

38 

3 

0 

0 

41 

Yellowstone 

56 

7 

5 

0 

68 

Western  Dakota 

44 

2 1 

2 

0 

48 

Eastern  Dakota 

63 

0 

13 

0 

76 

Platte-Niobrara 

234 

2 

9 

6 

251 

Middle  Missouri 

68 

] 1 

95 

0 

164 

Kansas 

72 

4 

17 

97 

190 

Lower  Missouri 

237 

1 

49 

267 

554 

Missouri  Basin 

812 

20 

190 

370 

1,392 

2000 

Upper  Missouri 

60 

0 

0 

0 

60 

Yellowstone 

98 

7 

9 

0 

114 

Western  Dakota 

72 

1 

4 

0 

77 

Eastern  Dakota 

109 

1 

26 

0 

136 

Platte-Niobrara 

444 

2 

17 

0 

463 

Middle  Missouri 

136 

0 

189 

0 

325 

Kansas 

134 

4 

33 

0 

171 

Lower  Missouri 

,490 

1 

97 

0 

588 

Missouri  Basin 

1,543 

16 

375 

0 

1,934 

2020 

Upper  Missouri 

87 

-2 

0 

0 

85 

Yellowstone 

154 

13 

9 

0 

176 

Western  Dakota 

104 

1 

4 

0 

109 

Eastern  Dakota 

158 

1 

25 

0 

184 

Platte-Niobrara 

716 

2 

18 

0 

736 

Middle  Missouri 

220 

1 

190 

0 

411 

Kansas 

198 

2 

33 

0 

233 

Lower  Missouri 

811 

1 

97 

0 

909 

Missouri  Basin 

2,448 

19 

376 

0 

1 

2,843 

Table  30  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITH  ONLY  BASIC  DIVERSIONS  CONSIDERED, 
CURRENT  NORMAL  AND  ADJUSTED  CURRENT  NORMAL,  WITH  PROJECTIONS 
FOR  1980, 2000,  AND  2020  MISSOURI  BASIN 


Land  and 
Water  Use 

Current 

Normal 

Adjustment 
for  Re- 
servoirs 
Assumed 
in  Place 

Adjusted 
Cunent  j 
Normal  j 

i 

j 

Land  U.sc 
Change  j 
CN-1980 

Projected 

1980 

Base 

Land  Use 
Change 
1980-2000 

Land  Use 
Change 
2000-2020 

Resulting 

Land 

Availability 
by  2020 

Agricultural  Land 

312,392 

n 

312,022 

(Thousai 

-1,022 

id  Acres) 
311.000 

•1,934 

-2.843 

306,223 

Irrigated  Cropland 

( 6,896) 

( 6,893) 

( -56) 

( 6,837) 

( -101) 

( -183) 

( 6,553) 

Non-Irrigalcd 

Cropland 

( 96.893) 

in 

( 96.699) 

( -502) 

( 96,197) 

(-1,105) 

(-1,462) 

( 9.3,630) 

Pasture  & Range 

(152,664) 

( -96) 

(152,568) 

( -348) 

(152,220) 

( -534) 

( -842) 

(150.844) 

I'orcst  & Woodland 

( 13.654) 

( -67) 

( 13,587) 

( -94) 

( 13,493) 

( -143) 

( -248) 

( 13,102) 

Other  Ag.  Land 

( 3.561) 

( -10) 

( 3.551) 

( -22) 

( 3,529) 

( -51) 

( -108) 

( 3,370) 

I'ederal  Ag.  Land 

( 38.602) 

( 0) 

( 38,602) 

( 0) 

( 38.602) 

( 0) 

( 0) 

( 38.602) 

.Miscellaneous 

( 122) 

( 0) 

( 122) 

( 0) 

( 122) 

( 0) 

( 0) 

( 122) 

Recreation 

2.814 

0 

2.814 

0 

2.814 

0 

0 

2,814 

I'isli  & Wildlife 

738 

0 

738 

0 

738 

0 

0 

738 

Other’ 

8.745 

0 

8.745 

+1.022 

9.767 

+1.934 

+2,843 

14.544 

Water 

3.819 

+370 

4,189 

0 

4.189 

0 

0 

4.189 

Total 

328.508 

328.508 

328,508 

328.508 

' Incimius  liiiitl  iiM'd  Tut  trniisporlalioii.  iirliiin.  luiilMip,  imnL-ral,  mililary,  amt  npriciillural  lami  iloMroyod  l>y  piill\  utosioii. 
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to  those  which  can  only  be  accomplished  through  com- 
prehensive planning  from  those  which  are  expected  to 
occur  in  the  absence  of  comprehensive  planning  is 
equally  difficult.  However,  evaluation  of  the  framework 
plan  necessitates  some  recognition  between  elements  of 
change  which  are  largely  individually  motivated  and  those 
which  require  group  action. 

Two  analyses  and  projections  are  presented  as  an 
evaluation  of  future  land  use  and  availability.  First,  the 
measurement  base  is  a projection  of  basic  land  use 
changes  that  are  expected  with  continuation  of  selected 
Federal  and  non-Federal  programs  and  activities.  The 
selected  elements  considered  are  discussed  in  detail  in  the 
Appendix  on  Plan  of  Development  and  Management  of 
Water  and  Related  Land  Resources.  The  second  is  the 
projection  of  land  use  and  availability  expected  with  im- 
plementation of  all  the  framework  plan  elements  in- 
cluding the  selected  activities.  The  evaluation  procedure 
is  intended  only  as  a measurement  of  land  use  to  deter- 
mine the  output  response  attributable  to  the  framework 
plan. 


FUTURE  PRIMARY  USE  OF  LAND 
AND  WATER 

The  acreage  of  some  major  uses  of  basin  lands  will  be 
changed  significantly  in  the  future.  Land  available  for 
agricultural  use  will  be  reduced  by  a total  of  1 1 .9  million 
acres,  or  less  than  4 percent  of  the  current  norma!  base, 
by  2020.  Reductions  are  estimated  to  be  distributed  as 
follows:  5.8  million  acres  by  basic  diversions,  3.1  mil- 
lion acres  by  selected  activities,  and  3.0  million  acres  by 
the  other  components  of  the  plan  as  shown  in  table  3 1 . 
Of  this  total,  about  1.7  million  acres  will  be  used  for 
water  storage;  2.7  million  acres  for  recreation;  0.8  million 
acres  for  fish  and  wildlife;  and  5.8  million  acres  for 
habitation,  transportation,  industrial  sites,  and  other 
miscellaneous  plan  facilities. 

Though  the  loss  of  land  available  for  agricultural  use 
will  adversely  affect  agricultural  production,  large  acre- 
ages of  land  will  benefit  materially  from, implementation 
of  the  plan.  It  is  estimated  that  development  of  ground- 
water for  irrigation  by  individuals  will  increase  irrigated 


Table  31  - EFFECT  OF  TOTAL  LAND  DIVERSIONS  ON  AVAILABILITY  OF  LAND  AND  WATER  BY 
MAJOR  USE  CATEGORIES,  CURRENT  NORMAL  WITH  PROJECTIONS  FOR  1980,  2000,  & 2020 


— ■ -i 

Agriculture 

Recreation 

Pish  & Wildlife 

Other  Land 

Water 

(Tliousand  Acres) 

ADJU.STI'I)  CUKRP.NT  NOR.MAL 

.^12.022 

2.814 

738 

8.745 

4.189 

Dasic  Divcr.sioiis’  | 

•1.022 

+ 1,022 

Selected  Activitie.s* 

•398 

+369 

+29 

Water  Control  & Related  Land  Developments 

Irrigation^ 

-18 

+4 

+ 14 

Gully  Stabilization 

t84 

-99 

+ 15 

Re.scrvoir.s** 

-1.113 

+5 

+655 

+453 

l•isil  & Wildlife 

•676 

+555 

+ 121 

Recreation 

-179 

+ 153 

* 

+26 

.Miscellaneous^ 

-55 

+33 

LANDAVAILAIILBliY  1980 

308,645 

3. .341 

1.703 

9.939 

4,880 

Basic  Diversions' 

-1,9.34 

+1.934 

Selected  Activities- 

•893 

+824 

+69 

Water  Control  Related  Land  Developments 

Irrigatioif^ 

•35 

+15 

+20 

Gully  Stabilization 

+284 

-290 

+6 

Reservoirs*' 

-848 

+514 

+.3.34 

I'isli  & Wildlife 

•183 

+ 135 

+48 

Reereation 

-148 

+ 126 

+22 

Mt.scellaneoiis® 

-62 

+ 27 

+ 35 

LAND  AVAILABLi;  BY  2000 

304.826 

4.291 

1.838 

12.139 

5.414 

Basic  Diversions' 

-2,843 

+2.84.3 

Selected  Activities^ 

•1.214 

+ 1.114 

+ 100 

Water  Control  Related  Land  Developments 

Irrigation-' 

-70 

+ 15 

+55 

Gully  Stabilization 

+2.S0 

•28.3 

Reservoirs*' 

-462 

+278 

+ 184 

bish  & Wildlife 

•205 

^Ibii 

+45 

Recreation 

-198 

+ 122 

+76 

.Miscellaneous'’ 

-24 

+4 

+20 

LANDAVAILABLb  BY  2020 

300,090 

5.527 

1 .998 

14.996 

5.897 

NRT  CIIANGI- 

•11.932 

+2.7!  3 

+85U 

+6.661 

+ 1.708 

t|iiclmlo<.  hiiul  cliangcs  ^liuwii  in  dulnil  in  talilv  29. 

^Indmle.s  public  iiiul  private  land  conservation,  ttroumlwaier  irrittalioii,  ,ind  recte.itioii  deselopnient 
•^Includes  public  and  private  development  of  .siirbice  water  supplies. 

\ll  reservoirs  rep.irdless  of  purpose. 

^Includes  land  for  iniscellaneous  taeilities. 


cropland  by  appioxiipately  6.0  million  acres,  and  con* 
tinned  land  conservation  activities  will  improve  another 
108  million  acres.  In  addition,  implementation  of  func- 
tional elements  of  the  framework  plan  will  reduce  the 
flood  hazard  on  6.2  million  acres  of  flood  plain,  improve 
the  drainage  on  0.8  million  acres  of  non-irrigated  crop- 
land and  0.6  million  acres  of  irrigated  cropland,  and  pro- 
vide irrigation  water  for  an  additional  4.9  million  acres 
of  cropland  as  shown  in  tabic  32. 


Table  32  - ACREAGE  OF  AGRICULTURAL  LANDS 
BENEFITED  UPON  IMPLEMENTATION  OF 
FRAMEWORK  PLAN 


Type  of  Bent  fit 

1980 

2000 

2020 

1 (Thousand  Acres) 

Drainage  (Project)' 

393 

943 

1.388 

Flood  Protection^ 

3,257 

5,103 

6,163 

Irrigation 

2,735 

6,202 

10,855 

Groundwater 

( 1,614) 

( 3,456) 

( 5,969) 

Surface  Water,  Private 

( 543) 

( 1,313) 

( 2,502) 

Surface  Water,  Public 

( 578) 

( 1,433) 

( 2.384) 

Watershed  Protection  and 

Management 

30,565 

74,166 

108,119 

'Areas  requiring  only  on-farm  drainage  arc  included  in  wafer- 
shed  protection  and  management.  Drainage  associated  with 
irrigation  rehabilitation  is  included. 

^Includes  varying  degrees  of  protection 

Tlie  projections  of  land  use  are  grouped  in  two  cate- 
gories in  tables  33  through  41 . 

Category  A - Selected  Agricultural,  Recreation,  and 
Fish  and  Wildlife  Activities-  Tliis  category  of  projected 
resource  use  and  agricultural  production  capability  as- 
sumes continuation  of  agricultural  research  programs; 
adoption  of  production  technology  on  the  fann;  im- 
provement of  on-farm  management  practices;  applica- 
tion of  land  treatment  and  conservation  measures;  and 
adoption  of  individual  on-farm  resource  development 
measures  affecting  agricultural  output,  including  the  use 
of  reserve  idle  lands  as  needed.  Federal  funding  arrange- 
ments. cost  sharing,  and  technical  assistance  arc  assumed 
to  be  maintained  at  the  present  levels.  In  addition,  this 
category  includes  (1)  the  projections  of  groundwater 
irrigation  development  by  individual  farmers  and  (2)  land 
acquisition  and  use  for  recreation  and  fish  and  wildlife 
development  by  State,  local,  and  private  interests.  Tlicre 
are  several  forms  of  public  programs  and  assistance  that 
influence  the  individual  or  entity  in  the  timing  and 
decision  to  act  when  the  initiative  and  decisions  are  non- 
group and  nonpublic  activities.  This  category  of  land  use 
does  not  include  the  effects  of  the  components  of  the 
framework  plan  that  involve  diversions  of  agricultural 
land  to  more  stable  agricultural  production,  and  to  non- 
agricultural  uses. 

Category  II  - Full  Implementation  of  Framework  Plan- 
’Iltis  category  encompasses  the  selected  activities  de- 
scribed under  Category  A together  with  the  additional 


resource  development  andTnherent  agricultural  capabil- 
ity that  would  be  achieved  by  full  implementation  of  the 
framework  plan.  Such  additional  development  includes 
the  categories  of  water  control  and  related  land  resource 
development,  and  environmental  enhancement  and  non- 
structural  measures.  These  components  of  the  plan  in- 
clude public  and  private  irrigation  to  be  developed  from 
surface  water  supplies,  flood  control,  group  drainage 
systems,  streambank  and  gully  erosion  control,  and  re- 
habilitation ofe.xisting  irrigation  systems.  Also,  this  takes 
into  account  land  taken  from  the  agricultural  base  to 
satisfy  future  requirements  for  reservoirs,  recreation, 
flsli  and  wildlife,.and.  other  multipie-purpose  and  single- 
purpose features  of  the  framework  plan. 

Non-irrigated  cropland  will  decrease  about  8.3  million 
acres  by  2020  with  the  continuation  of  selected  programs 
in  Category  A.  With  all  features  of  the  framework  plan, 
the  acreage  will  decrease  another  4.4  million  acres.  On 
the  other  hand,  irrigated  cropland  is  projected  to  in- 
crease by  about  5.8  million  acres  by  2020  with  adoption 
of  the  framework  plan-.  Federal  lands  producing  agricul- 
tural products  are  not  expected  to  be  affected,  but  lands 
used  primarily  for  fish  and  wildlife  purposes  will  be  in- 
creased 850  thousand  acres  by  2020  if  the  framework 
plan  is  fully  implemented.  Recreation  lands  are  projected 
to  be  increased  2.3  million  acres  with  continuation  of 
selected  programs,  and  full  implementation  of  the  plan 
will  add  another  400  thousand  acres  of  recreation  land. 

FUTURE  ANCILLARY  USES  OF  LAND 
AND  WATER 

Most  of  the  basin  land  and  water  serves  more  than 
one  purpose.  Uses  other  than  that  indicated  by  the 
primary  land  use  classification  categories  are  considered 
here  as  ancillary.  Total  ancillary  use  of  an  area  often  ex- 
ceeds the  primary  use.  especially  when  the  area  has  more 
than  one  ancillary  use.  This  trend  is  increasing  with  the 
continued  acceptance  of  the  multiple-use  concept  for 
natural  resources. 

Agriculture,  fish  and  wildlife,  and  recreation  are  the 
mere  important  ancillary  uses  in  the  Missouri  Basin. 
Agriculture  is  an  ancillary  use  on  about  1 8 million  acres, 
fish  and  wildlife  on  309  million  acres,  and  recreation  on 
over  47  million  acres.  It  is  not  expected  that  adoption  of 
the  framework  plan  would  have  an  effect  on  agricultural 
ancillary  use  of  land.  It  will  have  only  a small  effect  on 
fish  and  wildlife  and  recreation  ancillary  uses  in  terms  of 
acies  used. 

Fish  and  wildlife  and  recreation  will  be  an  ancillary 
use  on  almost  all  of  the  increased  area  in  the  “other” 
land  use  category  and  the  “water"  category.  The  "otlier” 
land  category  will  increase  by  about  one  million  acres 
and  the  “water”  area  by  about  1 .6  million  acres  by  2020. 
The  principal  effect  on  fish  and  wildlife  and  recreation 
will  be  the  increased  intensity  of  use  for  these  purposes. 
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Table  33  - USE  OF  LAND  AND  WATER  - ADJUSTED  CURRENT  NORMAL  WITH  PROJECTIONS 

FOR  1980. 2000, 2020,  MISSOURLBASIN 


Land  and  Water  Use 


Agricultural  Uses 

Privately  Owned  Land 
Cropland  Nouirrigated 
Cropland  Irrigated 
Pasture  & Range 
Forest  & Woodland 
Other 

Other  Forest  Land 
Federal  Land  Producing 
Agriculturai  Products 

Subtotal 

Recreation 
Fish  & Wildlife 
Other 
Water 


Adjusted 
Current  I Ca 
Normal 


96.699 

6.893 

152.568 

13.587 

3,551 

122 


328.508 


94.765 

8.451 

151.765 

13.381 

3.516 

122 

38.602 


310.602 


93.325 

9.540 

150.440 

13.107 

3.509 

122 

38.602 


308.645 


92.020 

10.192 

150.452 

12.931 

3.456 

122 


89.373 

12,887 

147.925 

12.473 

3.444 

122 


328.508  328.508 


328.508 


5.414 


328.508 


88.395 

12.522 

14M08 

12.337 

3.332 

122 

38.602 


303,718 


328.508 


144.953 

11,759 

3,318 

122 

38.602 


328.508 


ICategory  A,  current  and  projected  current  normal  plus  continuation  of  .selected  programs  described. 

^Category  11,  (1)  current  and  projected  current  normal,  plus  (2)  continuation  of  .selected  programs,  plus  (3)  additional  resource 
development  described. 


Table  34  - USE  OF  LAND  AND  WATER  - ADJUSTED  CURRENT  NORMAL  WITH  PROJECTIONS 
COR  1980, 2000,  AND  2020,  UPPER  MISSOURI  SUBBASIN 


of 


Land  and  Water  Use 


Agricultural  Uses 

Privately  Owned  Land 
Cropland  No.iirrigated 
Cropland  Irrigated 
Pasture  & Range 
Forest  & Woodland 
Other 

Other  Forest  Land 
Iw'dcral  Land  Producing 
Agricultural  Products 

Subtotal 

Recreation 
Fish  & Wildlife 
Other 
Water 


Adjusted 

Current 

Normal 


'Category  A.  current  and  projected  current  normal  plus  contimiation  of  selected  programs  described. 

^Categorj  II.  (I)  uirrent  and  projeUtd  current  norm.il.  pluc  (2)  continuation  of  selected  progr.ims,  plus  t.1)  additional  resource 
development  described. 
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Table  35  - USE  OF  LAND  AND  WATER  - ADJUSTED  CURRENT  NORMAL  WITH  PROJECTIONS 
FOR  1980, 2000,  AND  2020.  YELLOWSTONE  SUBBASIN 


Adjusted 

Current 

Normal 

1980 

2000 

1 2020 

Land  and  Water  Use 

! Category 

1 

Cite^ry 

Category 

^ 

Catenary 

Category 

Al 

Cite^sry 

' 

(Thousand  Acre 

is) 

Agricultural  Uses 

Privately  Owned  Land 

Cropland  Nonirrigated 

2.343 

2.328 

2.236 

2.269 

1.979 

Cropland  Irrigated 

1.031 

1.028 

1.211 

1.454 

988 

1,589 

Pasture  & Range 

24.333 

24.206 

23.978 

23.633 

23.686 

23.175 

Forest  & Woodland 

1.550 

1.496 

1.388 

1.377 

1.250 

1,23! 

Other 

91 

91  1 

91 

91 

91 

90 

90 

Other  Forest  Land 

— ! 

--- 

— 

--- 

--- 

--- 

Federal  I.and  Producing 

i 

Agricultural  Products 

13.804 

13.804  1 

13.804 

13.804 

13,804 

Subtotal 

43.152 

42.953 

42,893 

42.578 

42.440 

42.087 

41.868 

Recreation 

1,408 

1.538 

1.566 

1,796 

1.853 

2.107 

2.175 

I'ish  & Wildlife 

31 

31 

37 

31 

45 

31 

57 

Other 

264 

332 

333 

446 

458 

623 

654 

Water 

345 

346 

371 

349 

404 

353 

446 

Total 

45.200 

45.200 

45.200 

45.200 

45,200 

45.200 

45.200 

■Category  A,  current  and  projected  current  normal  plus  continuation  of  selected  programs  descrihed. 

^Category  II,  (I)  current  and  projected  current  normal,  plus  (2)  continuation  of  selected  programs',  plus  (3)  additional  re.source 
development  described. 


Table  36  - USE  OF  LAND  AND  WATER  - ADJUSTED  CURRENT  NORMAL  WITH  PROJECTIONS 
FOR  1980,  2000,  AND  2020,  WESTERN  DAKOTA  SUBBASIN 


Adjusted 

Current 

Normal 

1980 

2000 

2020 

Land  and  Water  Use 

Category 

Al 

Catc^ry 

Category 

Al 

Gilegory 

B2 

Category 

Al 

Category 

B2 

0 

housand  Acre 

s) 

Agricultural  Uses 

Privately  Owned  Land 

Cropland  Nonirrigated 

9.097 

9.073 

8.927 

8.895 

Cropland  Irrigated 

198 

205 

353 

235 

561 

313 

955 

Pasture  & Range 

31,677 

31,624 

31.534 

31.517 

31.313 

31,392 

Forest  & Woodland 

977 

972 

959 

961 

943 

951 

^H||E||  n 

Other 

208 

208 

200 

Other  Forest  Land 

... 

— 

— 

--- 

... 

... 

... 

Federal  Ltind  Producing 

Agricultural  Products 

5.131 

5.131 

5.I3I 

5.131 

5,131 

5.131 

5.131 

Subtotal 

47,289 

47.l!2 

46.861 

46.882 

46.636 

Recreation 

334 

416 

437 

508 

507 

601 

Fish  & Wildlife 

92 

92 

114 

92 

114 

92 

114 

Other 

1.169 

1.217 

1,221 

1.294 

1.350 

1,403 

1,468 

Water 

472 

472 

493 

472 

523 

472 

537 

Total 

49.356 

49,356 

49..356 

49,356 

49.356 

49.356 

49,356 

■Category  A,  current  and  projected  current  normal  plus  continuation  of  selected  programs  described. 

^Category  II.  (I)  current  and  projected  current  normal,  plus  (2)  continuation  of  selected  programs,  plus  (3)  additional  resource 
development  described. 
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Table  37  - USE  OF  WATER  AND  LAND  - ADJUSTED  CURRENT  NORMAL  WITH  PROJECTIONS 
FOR  1980,  2000,  AND  2020,  EASTERN  DAKOTA  SUBBASIN 


l.and  and  Water  I'sc 

1 Adjusted 
Current 
Normal 

I9K0  1 

I 2000  1 

2020 

Category  ! 
A'  1 

1 Catc^ry 

1 

Category  j 

j Catc^ry 

Category 

A' 

Cate^ry 

a 

liousind  Acresi) 

Aei  iciillur.il  Uses 

I’rivalelv  Owned  Land 

Cropland  Nonirrigalcd 

20.SS<) 

20.775 

20.509 

20„5t; 

20.102 

20.212 

19.180 

Cropland  Irrigated 

i 1 19 

20K  j 

.147 

.142 

868 

557 

1.842 

Past  lire  & Ranee 

t 12.547 

12.497  ! 

12.176 

12..148 

11.801 

12.037 

. .11.261 

Lorest  A Woodland 

' 211 

210  i 

201 

190 

179 

134 

-122 

Ollier 

! 594 

59.7 

593 

590 

587 

585 

582 

Other  1 oresi  1 ami 

[ . . . ' 

'’  in  - • 

- n - ! 

... 

— 

I'cdcral  Land  Producing 

Agricultural  Products  ! 

; i 

i .19 

i .19 

.19 

39  ! 

39 

.19 

Siihtolal 

14.599  j 

1 14.322 

i 33.865 

34.071 

33,576 

33^64 

33.026 

! 

Recrealton 

.IK 

! 19 

i 56 

149 

166 

467 

486 

fish  st  Wildlife 

162 

i lh2 

430 

162 

432 

1 162 

456 

Oilier  1 

1 1.S02 

1.613 

1.957 

1.749 

2.119 

! 1.933 

2.304 

Waler  ^ 

902 

902 

995 

907 

1.010 

912 

1.031 

lotal  , ! 

j .17..10.L 

17.303 

37. .103 

37.303 

37..103, 

37.303 

37.303 

I C'lilcgory  A.  currciii  ami  projocltfd  currenl  mirmal  plus  conlinuatioii  of  selected  programs  described. 

•Category  II.  (I)  eurreni  and  projected  current  normal,  plus  (2)  continuation  of  selected  programs,  plus  (.t|  additional  resource 
developnienl  described.  I ’ 


Table  3S  - USE  OF  LAND  AND  WATER  - ADJUSTED  CURRENT  NORMAL  WITH  PROJECTIONS 
FOR  1980,  2000,  AND  2020,  PLATTE-NIOBRARA  SUBBASIN 


i Igind  and  Water  Use 

j. 

Adjusted 

Current 

.Normal 

1980 

2000 

2020 

Oitegory 

A' 

Cale^ry 

Category 

A' 

Cale^ry 

Category 

A' 

Category 

B* 

n 

tiousand  Acre< 

i) 

Agrieiiltural  Uses 

Privately  Owned  Land 

Crtipland  Noiiirrigated 

1 2.850 

12.333 

12.096 

11.849 

11.378 

11.181 

10.543 

1 Cropland  Irrigated 

2.784 

3.281 

3.493 

3.707 

4.145 

4.278 

4.884 

Pasture  sV.  Range 

15.141 

34.878 

34.602 

.14.443 

33.984 

33.774 

33.136 

1.936 

I.9I0 

1 .8b5 

1.867 

1.777 

1.771 

1.631 

' Other 

62! 

618 

(.18 

612 

612 

591 

597 

i Other  1 oresi  Land 

— 

. - . 

' 1 eileral  Land  Produeiiig 

Agrieullural  Products 

7.449 

7.449 

7.449 

7.449 

7.449 

7.449 

7,449 

Subtotal 

60.781 

60.469 

60.123 

59.927 

59.145  ^ 

59.050 

«6.;4i> 

Recreation 

377 

439 

461 

495 

.569 

603 

■j'  ijijj 

1 ish  \ Wildlife 

220 

220 

316 

220 

3.14 

220 

Other 

1.637 

1.882 

2.001 

2. .14  5 

2..56I 

3.081 

Water 

660 

665 

774 

688 

8b6 

721 

lotal 

63.675 

63.675 

63.675 

63.675 

63.675 

aiKorffniwii 

I'WS.I  e s*(‘  -y  ' 

' ( .ilet'orv  A.  current  and  projected  current  normal  plus  conllniiulion  of  selected  programs  drsertbed 
-(  alei’ory  It.  1 1)  current  and  projected  current  normal,  plus  <2)  continuation  of  selected  progrjw*  gdus 
developnienl  described. 


Best  Av^,7ab/e  Copy 


Table  39  - USE  OF  LAND  AND  WATER  - ADJUSTCD  CURRENT  NORMAL  WITH  PROJECTIONS 
FOR  1980, 2000,  AND  2020,  MIDDLE  MISSOURI  SUBBASIN 


Adjusted 

Current 

Normal 

1980 

2000 

2020 

Land  and  Water  Uae 

Catefory 

A' 

Catc^wy 

Catefory 

A' 

Cjpry 

Category 

A' 

Cate^ 

(lluMisand  Acrci 

1) 

Agricultural  Uses 

Privately  Owned  Land 

Cropland  Nonirrigated 

11,116 

10,750 

10,695 

9.885 

9.907 

8,962 

8,786 

Cropland  Irrigated 

103 

319 

340 

854  : 

945 

1,380 

1,729 

Pasture  & Range 

2.48S 

2,4.54 

2.371 

2.416 

2,258 

2,381 

2,163 

Forest  i Woodland 

631 

614 

591 

585 

547 

554 

510 

Other 

447 

442 

442 

435 

435 

414 

414 

Other  Forest  Land 

118 

its 

118 

118 

118 

118 

118 

Federal-Land  Producing 

Agricultural  Products 

,1 

1 

1 

1 

I 

1 

1 

Subtotal 

14,901 

14.698 

14,558 

14.294 

14,211 

13,810 

13,721 

Recreation 

37 

65 

80 

124 

148 

180 

223 

Fish  & Wildlife 

25 

25 

59 

25 

70 

25 

70 

Other 

608 

772 

762 

1.097 

943 

1.508 

1,260 

Water 

174 

185 

,,286 

205 

373 

222 

471 

Total  , 

15.745 

— 

15.745 

15.745 

15.745 

15.745 

, 15,745 

15,745 

ICateftnry  A,  current  and  projected  current  normal  plus  continuation  of  selected  programs  descrilwd. 

^Category  B,  (I)  current  and  projected  current -normal,  plus  (2)  continuation  of  selected  programs,  plus  (3)  additional  resource 
development  deK'ribed. 


Table  40  ~ USE  OF  LAND  AND  WATER  - ADJUSTED  CURRENT  NORMAL  WITH  PROJECTIONS 
FOR  1980„lk)00,  AND  2020,  KANSAS  SUBBASIN 


Adjusted 

Current 

Normal 

1980 

2000 

2020 

Land  and  Water  Uw 

Category 

A' 

Cite^ry 

Category 

A' 

Qitegory 

Category 

A' 

Cate^rry 

(Thousand',  icret 

) 

Agricultural  Uses 

Privately  Owned  Land 

Cropland  Nonirrigated 

20,5  S’ 

19.964 

19.767 

19,454 

19,035 

18.559 

17,952 

Cropland  Irrigated 

1.700 

2,347 

2,422 

2,779 

2,971 

3.588 

3,880 

Pasture  & Range 

13,589 

13.461 

13.386 

13.355 

13.166 

13,203 

12,912 

Forest  & Woodland 

588 

571 

558 

563 

553 

546 

537 

Other 

548 

531 

531 

517 

516 

497 

495 

Other  Forest  Land 

4 

4 

4 

4 

4 

4 

4 

Federal  Land  Producing 

Agricultural  Products 

69 

69 

69 

69 

69 

69 

69 

.Subtotal 

37,085 

36.947 

.36,737 

36,741 

36,314 

36.466 

35,849 

Recreation 

36 

79 

90 

108 

126 

144 

163 

Fish  & Wildlife 

15 

15 

44 

15 

104 

15 

169 

Other 

1,307 

1,400 

1.504 

1,571 

1,756 

1.804 

2.054 

Water 

433 

435 

501 

441 

576 

447 

641 

Total 

38,876 

38,876 

38.876 

38.876 

38,876 

38,876 

38.876 

'Category  A,  current  and  projected  current  normal  plus  continuation  of  selected  programs  described. 

^Category  II,  (I)  current  and  projected  current  normal,  plus  (2)  conlinualion  of  selected  programs,  plus  (3)  additional  resource 
development  deseribed. 
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Table  41  - USE  OF  LAND  AND  WATER  - ADJUSTED  CURRENT  NORMAL  WITH  PROJECTIONS 
FOR  1980. 2000.  AND  2020.  LOWER  MISSOURI  SUBBASIN 


Land  and  Water  Ure 

Adjust^ 

Current 

Normal 

1980 

2000 

2020 

Category 

A' 

Cite^ 

Category 

A> 

Category 

Category 

A< 

Category 

B2 

HHHC 

s) 

Agricultural  Usc.s 

Privately  Owned  luind 

Cropland  Nonirrigated 

9.446 

9,283 

8,645 

8,727 

7,921 

Cropland  Irrigated 

5 

113  i 

230 

271 

594 

417 

975 

Pasture  & Range 

7,274 

6.978 

6,989 

6,687 

6,637 

6,286 

Forest  & Woodbnd 

5.730 

5,656 

'•,499 

5,531 

5,277 

5,350 

5,055 

Other 

787 

773 

754 

746 

698 

689 

Other  Forest  Land  - 

— 

— 

— 

— 

— 

— 

— 

Federal  Land  Producing 

Agricultural  Products 

177 

177 

177 

177 

177 

177 

177 

Subtotal 

24.033 

23.686 

23.108 

23,005 

22,126 

22,006 

21,103 

Recreation 

65 

115 

116 

197 

204 

254 

261 

Fish  & Wildlife 

51 

51 

140 

51 

148 

51 

172 

Other 

708 

995 

1,275 

1,583 

2,003 

2,492 

2,876 

Water 

533 

543 

751 

554 

909 

587 

978 

Total 

25.390 

25,390 

25,390 

25,390 

25,390 

25,390 

25,390 

'Category  A,  current  and  projected  current  normal  plus  continuation  of  selected.programs  described. 

^Category  H.  (I)  current  and  projected  current  normal,  plus  (2)  continuation  of  .selected  programs,  plus  (3)  additional  re.source 
development  de.scribed. 


A Missouri  Landscape  lllustniting  Many  Land  Uses; Cropland,  Woodland.  Grassland,  .And  Permanent  Water 
Which  Provide  Fish  And  Wildlife  Habitat  And  A Variety  Of  Recreational  Opportunities 
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Table 

Number 


iSTATISTICAL  SUPPLEMENT 


Pa^ 

S-1  Land  and  Water  Areas,  by  Subbasins  and  States,  Missouri  Basin S-1 

S-2  Land  and  Water  Ownership  by  Subbasins,  Private,  State,  County,  and  Federal  by 

Administrating  Agencies S-2 

S-3  Federal  Land  Ownership  - U.  S.  Department  of  Agriculture  Lands  Adminfetered  by  the 

Forest  Service  and  Agricultural  Research  Service,  Missouri  Ba»n S-3 

S-4  Federal  Land  Ownership  - U.  S.  Department  of  Defense  Lands  Administered  by  the 

Corps  of  Engineers  and  Military.  Missouri  Basin  . S-4 

S-5  Federal  Land  Ownership  - U.  S.  Department  of  the  Interior,  Missouri  Basin  S-5 

S-6  Maj(>r  Land  Use  Acreages  by  Ownership,  Missouri  B^n S-6 

S-7  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Nofmcl 

Acres,  Missouri  Basin S-7 

S-8  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Upper  Missouri  Subbasin  Summary — S-8 

S-9  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Curretit  Normal 

Acres,  Upper  Missouri  Subbasin,  Montana  Portion S-9 

S-10  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Upper  Missouri  Subbasin,  North  Dakota  Portion S-9 

S-1 1 Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Yellowstone  Subbasin  Summary S-10 

S-12  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Yellowstone  Subbasin,  Montana  Portion S-11 

S-13  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Yellowstone  Subbasin,  North  Dakota  Portion S-11 

S-14  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Yellowstone  Subbasin,  Wyoming  Portion  S-12 

S-1 5 Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Western  Dakota  Subbasin,  Summary S-13 

S-16  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Western  Dakota  Subbasin,  Montana  Portion S-14 

S-17  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Western  Dakota  Subbasin,  Nebraska  Portion S-14 

S-18  Major  Land  Use  of  Private  Agncu'.tural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Western  Dakota  Subbasin,  North  Dakota  Portion S-1 5 

S-19  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Western  Dakota  Subbasin,  South  Dakota  Portion S-1 5 

j S-20  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

[ Acres,  Western  Dakota  Subbasin,  Wyoming  Portion S-16 

f S-21  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Eastern  Dakota  Subbasin  Summary S-17 

S-22  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Eastern  Dakota  Subbasin,  Iowa  Portion S-18 

S-23  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Eastern  Dakota  Subbasin,  Minnesota  Portion S-18 

S-24  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Eastern  Dakota  Subbasin,  North  Dakota  Portion S-19 

S-25  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Eastern  Dakota  Subbasin,  South  Dakota  Portion S-19 

S-26  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Platte-Niobrara  Subbasin  Summary S-20 

S-27  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Platte-Niobrara  Subbasin,  Colorado  Portion S-21 


Si 


STATISTICAL  SUPPLEMENT  (Continued) 


Table 

Number  Page 

S-28  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Platte-Niobrara  Subbasin,  Nebraska  Portion S-22 

S-29  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Ratte-Niobrara  Subbasin,  South  Dakota  Portion S-22 

S-30  Major  Land  Use  of  PrivateAgricultural  Land  by  Soil  Resource  Groups.  Current  Normal 

Acres,  Platte-Niobrara  Subbasin,  Wyoming  Portion S-23 

S-31  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal' 

Acres,  Middle  Missouri  Subbasin  Summary S-24 

S-32  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Middle  Missouri  Subbasin,  Iowa  Portion S-25 

S-33  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Aaes,  Middle  Missouri  Subbasin,  Kansas  Portion S-25 

S-34  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Middle  Missouri  Subtosin,  Minnesota  Portion S-26 

S-35  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Middle  Missouri  Subbasin,  Missouri  Portion S-26 

S-36  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Middle  Missouri  Subbasin,  Nebraska  Portion S-27 

S-37  Major  Land  Use  of  Private  Agricultural  Land  by  ^il  Resource  Groups,  Current  Normal 

Acres,  Kansas  Subbasin  Summary S-28 

S-38  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Kansas  Subbasin,  Colorado  Portion S-29 

S-39  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Kansas  Subbasin . Kansas  Portion S-29 

S-40  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Norrhal 

Acres,  Kansas  Subbasin,  Nebraska  Portion S-30 

S-41  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Lower  Mi^uri  Subbasin  Summary S-31 

S-42  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Lower  Missouri  Subbasin,  Iowa  Portion S-31 

S 43  Major  Land  Use  of  Private  A^iculturaM^nd  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Lower  Missouri  Subbasin,  Kd.isas  Portion S-32 

S-44  Major  Land  Use  of  Private  Agricultural  Land  by  Soil  Resource  Groups,  Current  Normal 

Acres,  Lower  Missouri  Subbasin,  Missouri  Portion S-32 

S-45  Summary  of  Land  Capability  Units  in  Soil  Resource  Groups  by  States S-34 

S-46  Changes  in  Land  Use  and  Land  Base  Without  Plan  Implementation,  Current  Normal  and 
Adjusted  Current  Normal,  With  Projections  for  1980,  2000,  and  2020, 

Upper  Missouri  Subbasin • S-42 

S-47  Changes  in  Land  Use  and  Land  Base  Without  Plan  Implementation,  Current  Normal  and 
Adjusted  Current  Normal,  With  Projections  for  1980,  2000,  and  2020, 

Yellowstone  SubbaUn S-42 

S-48  Changes  in  Land  Use  and  Land  Base  Without  Plan  Ihiplementation,  Current  Normal  and 
Adjusted  Current  Normal,  With  Projections  for  1-080, 2000,  and  2020, 

Western  Dakota  Subbasin S-43 

S-49  Changes  in  Land  Use  and  Land  Base  Without  Plan  Implementation,  Current  Normal  and 
Adjusted  Current  Normal,  With  Projections  for  1980,  2000,  and  2020, 

Eastern  Dakota  Subbasin S-43 

S-50  Changes  in  Land  Use  and  Land  Base  Without  Plan  Implementation,  Current  Normal  and 
Adjusted  Current  Normal,  With  Projections  for  1980,  2000,  and  2020, 

Platte-Niobrara  Subbasin  S-44 
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Table 

Number  Page 

S-51  Changes  in  Land  Use  and  Land  Base  Without  Plan  Implementation,  Current  Normal  and 
Adjusted  Current  Normal,  With  Projections  for  I960, 2000,  and  2020, 

Middle  Missouri  Subbasin S-44 

S-52  Changes  in  Land  Use  and  Land  Base  Without  Plan  Implementation,  Current  Normal  and 
Adjusted  Current  Normal,  With  Projections  for  19B0, 2000,  and  2020, 

Kansas  Subbasin S45 

S-S3  Changes  in  Land  Use  and  Land  Base  Without  Plan  Implementation,  Current  Normal  and 
Adjusted  Current  Normal,  With  Projections  for  1980, 2000,  and  2020, 

Lower  Missouri  Subbasin S-45 

S-54  Agricultural  Land  Use  by  Capability  Classes,  and  Subclasses  (by  Subbasins  and  Missouri  Basin) S-46 


S-lii 


Table  S-1  - LAND  AND  WATER  AREAS.  BY  SUBBASINS  AND  STATES,  MISSOURI  BASIN 


SuMietfai  and  State 

( Water  Area 

Subtotal 

Land  Area 

Total  Area 

OmdOAc.  1 

1 Under  40  ACe  | 

(Thoamd  Acres) 

Upper  Missouri 

Montana 

SS2 

105 

657 

51,550 

North  Dakota 

1 

12 

366 

378 

Wyoming 

0 

1 

377 

378 

Subtotal 

106 

670 

52,293 

52,%  3 

Yellowstone 

Montana 

34 

144 

22,597 

22,741 

North  Dakota 

0 

21 

490 

511 

Wyoming 

38 

130 

21,768 

21,948 

Subtotal 

273 

72 

345 

44,855 

45,200 

Western  Dakota 

Montana 

1 

6 

7 

2.492 

2,499 

North  Dakota 

179 

21 

200 

11,772 

11,972 

South  Dakota 

131 

91 

222 

25,517 

25,739 

Wyoming 

IS 

16 

31 

7,441 

7,472 

Nebraska 

8 

4 

12 

1,662 

1,674 

Subtotal 

334 

138 

472 

48,884 

49,356 

Eastern  Dakota 

Iowa 

.. 

1 

1 

940 

941 

Minnesota 

3 

1 

4 

954 

958 

North  Dakota 

38$ 

58 

443 

13,686 

14,129 

South  Dakota 

274 

180 

454 

20,821 

21,275 

Subtotal 

662 

240 

902 

36,401 

37,303 

Platte*Niobrara 

Colorado 

89 

14 

103 

13,292 

13,395 

South  Dakota 

1 

2 

3 

918 

921 

Wyoming 

77 

22 

. 99 

15,921 

16,020 

Nebraska 

299 

ISO 

449 

32,890 

33,339 

Subtotal 

466 

188 

654 

63,021 

63.675 

Middle  Missouri 

Iowa 

35 

10 

45 

8.455 

8,500 

Kansas 

15 

18 

33 

931 

964 

Minnesota 

3 

-- 

3 

135 

138 

Missouri 

20 

10 

30 

2.419 

2,449 

Nebraska 

52 

11 

63 

3,631 

3,694 

Subtotal 

125 

49 

174 

15,571 

15,745 

Kansas 

Colorado 

16 

7 

23 

5.703 

5,726 

Kansas 

45 

210 

255 

22,152 

22,407 

Missouri 

.. 

19 

19 

Nebraska 

34 

24 

58 

10.666 

10.724 

Subtotal 

95 

241 

336 

38,540 

38,876 

Lower  Missouri 

Iowa 

1 

2 

3 

1,666 

1,669 

Kansas 

5 

30 

35 

2,7.39 

2,774 

Missouri 

133 

95 

228 

20,719 

20,947 

Subtotal 

139 

127 

266 

25,124 

25,390 

Missouri  Basin 

2,658 

1.161 

3,819 

324,689 

328,508 

Source:  Bureau  of  Census  I960  land  and  water  area,  adjusted  to  basin  boundary.  Water  area  over  40  acres  includes  streams  1/8  mile 
in  width  or  more.  Water  area  under  40  acres  from  Conservation  Needs  Inventory. 
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Table  S-2  - LAND  AND  WATER  OWNERSHIP  - PRIVATE,  STATE,  COUNTY,  AND  FEDERAL  BY 
ADMINISTRATING  AGENQES,  MISSOURI  BASIN' 


Subbaiin  Aad  Slate 

Pepaftment 

of 

AgrktilnK 

D^ptftOMnl 

oi 

Defefite 

Department 
of  the 
Intnior 

Ikivate 

County 

Stated 

Total  Land 
And 
Water 

(Thoutem*  AcKt) 

Upper  Missouri 

Montana 

S.870 

616 

6,469 

39,038 

51,993 

North  Dakota 

53 

0 

0 

325 

378 

Wyoming 

0 

0 

592 

0 

592 

Subtotal 

5,923 

616 

7,061 

39,363 

52,963 

Yellowstone 

Montana 

1,969 

-- 

1,675 

22,741 

North  Dakota 

143 

.. 

368 

511 

Wyoming 

3.774 

9 

7,864 

21,948 

Subtotal 

5,886 

9 

9,539 

29,766 

45,200 

Western  Dakota 

! 

Montana 

89 

481 

1,929 

2,499 

North  Dakota 

839 

247 

146 

10,740 

11.972 

South  Dakota 

1,986 

55C 

25,739 

Wyoming 

697 

489 

7,472 

Nebraska 

134 

-- 

1.540 

1.674 

Subtotal 

3,745 

854 

1,666 

43.091 

49.356 

Eastern  Dakota 

Iowa 

0 

0 

0 

941 

941 

Minnesota 

0 

0 

.. 

958 

958 

North  Dakota 

0 

334 

120 

13.675 

14,129 

South  Dakota 

3 

265 

53 

20,954 

21,275 

Subtotal 

3 

599 

173 

36,528 

37,303 

Rattc-Niobrara 

Colorado 

2,524 

82 

473 

10,316 

13,395 

South  Dakota 

0 

0 

17 

901 

921 

Wyoming 

979 

10 

3,368 

11,663 

16,020 

Nebraska 

206 

36 

173 

32,924 

33,339 

Subtotal 

3,709 

128 

4,031 

55,807 

63.675 

.Middle  Missouri 

Iowa 

0 

3 

8.497 

8,500 

Kansas 

0 

0 

964 

964 

Minnesota 

0 

0 

138 

138 

Missouri 

0 

-- 

7 

2,442 

2.449 

Nebraska 

0 

33 

5 

3.656 

3.694 

Subtotal 

0 

33 

15 

15,697 

15,745 

Kansas 

Colorado 

0 

0 

9 

5,717 

5,726 

Kansas 

0 

222 

56 

22.129 

22,407 

Nebraska 

10 

30 

38 

I0:646 

10,724 

Missouri 

0 

0 

b 

19 

19 

Subtotal 

10 

252 

103 

38,511 

38,876 

Lower  Missouri 

Iowa 

0 

0 

. . 

1.669 

1,669 

Kansas 

0 

11 

-- 

2,763 

2,774 

Missouri 

129 

11 

20.630 

20.947 

Subtotal 

177 

140 

11 

25,062 

25.390 

Missouri  Basin 

19,453 

2,631 

22,599 

283,825 

328,508 

I Data  from  Kedcral  agencies. 

^Includes  Indian  lands  which  actually  arc  privately  owned  by  the  Indians:  however,  title  is  held  in  trust  by  the  I'ederal  Government. 


Table  S-3  - FEDERAL  LAND  OWNERSHIP  - U.  S.  DEPARTMENT  OF  AGRICULTURE  LANDS 
ADMINISTERED  BY  THE  FOREST  SERVICE  AND  AGRICULTURAL  RESEARCH 
SERVICE.  MISSOURI  BASIN 


Subbaiin  and  Stale 

Forest  Service 

Agricultural 
1 Research 

! Service 

Total 

Natioial  j 

Forest  j 

National  1 

Grasriands  I 

(Thousand  Acres) 

Upper  Missouri 

• 

Montunu 

! 5,870 

0 

0 

5.870 

North  Dakota 

0 

53 

0 

53 

Wyoming 

0 

0 

0 

0 

Subtotal 

5.870 

53 

0 

5.923 

Yellowstone 

Montana 

1.913 

0 

56 

1,%9 

North  Dakota 

0 

143 

0 

143 

Wyoming 

3,726 

48 

0 

3,774 

Subtotal 

5.639 

191 

56 

5.886 

Western  Dakota 

Montana 

89 

0 

0 

89 

North  Dakota 

0 

837 

2 

839 

South  Dakota 

1,121 

865 

• • 

1,986 

Wyoming 

172 

525 

0 

697 

Nebraska 

40 

W 

0 : 

j 134 

Subtotal 

1.422 

2.321 

2 

- 3.745 

Hastern  Dakota 

Iowa 

0 

0 

0 

0 

North  Dakota 

0 

0 

0 

0 

Minnesota 

0 

0 

0 

0 

South  Dakota 

0 

3 

0 

3 

Subtotal 

0 

3 

0 

■3 

Platle-Niobrara 

Colorado 

2,316 

193 

15 

2,524 

South  Dakota 

0 

0 

0 

0 

Wyoming 

979 

0 

0 

979 

Nebraska 

206 

0 

0 

206 

Subtotal 

3.501 

193 

15 

3.709 

Middle  Missouri 

Iowa 

0 

0 

0 

0 

Kansas 

0 

0 

0 

0 

Minnesota 

0 

0 

0 

0 

Missouri 

0 

0 

0 

0 

Nebraska 

0 

0 

0 

0 

Subtotal 

0 

0 

0 

0 

Kansas 

(Colorado 

0 

0 

0 

0 

Kansas 

0 

0 ■ 

0 

0 

Missouri 

' 0 

0 ■ 

0 

0 

Nebraska 

: 0 

0 

10 

10 

Subtotal 

■ 0 

0 

10 

10 

Lower  Missouri 

1 

Iowa 

0 

0 

1 0 

0 

Kansas 

1 0 

0 

i 0 

0 

Missouri 

j 164 

13  ! 

1 0 

177 

Subtotal 

164 

13 

0 

177 

Missouri  Basin 

! 16,596 

2.774 

83 

19.453 

Source:  U.  S.  I'orcsl  Service,  1966. 
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Table  S-4  FEDERAL  LAND  OWNERSHIP  - U.  S.  DEPARTMENT  OF  DEFENSE  LANDS  ADMINISTERED 
BY  THE  CORPS  OF  ENGINEERS  AND  MILITARY,  MISSOURI  BASIN 


Subbuin  and  State 

Water  Development 
Areas 

Corps  of  Engineers 

Mlitary 
Atmy,h^ 
Air  Forte 

Total 

(Tbousand  Acres) 

Upper  Missouri 

Montana 

609 

7 

616 

North  Dakota 

0 

0 

0 

Wyoming 

0 

0 

. 0 

Subtotal 

609 

7 

616 

Yellowstone 

Montana 

0 ■ 

0 

0 

North  Dakota 

0 

0 

0 

Wyoming  1 

0 

9 

9 

Subtotal 

0 

9 

9 

Western  Dakota 

Montana 

0 

0 

0 

North  Dakota 

247 

. . 

247 

South  Dakota 

338 

269 

607 

Wyoming 

0 

0 

0 

Nebraska 

0 

0 

0 

Subtotal 

585 

269 

854 

Eastern  Dakota 

Iowa 

0 

0 

0 

Minnesota 

0 

0 

0 

North  Dakota 

334 

. . 

334 

South  Dakota 

265 

• • 

265 

Subtotal 

599 

• • 

599 

Ratte-Niobrara 

Colorado 

5 

77 

82 

South  Dakota 

0 

0 

0 

Wyoming 

0 

10 

10 

Nebraska 

0 

36 

36 

Subtotal 

5 

123 

128 

Middle  Missouri 

Iowa 

-- 

.. 

Kansas 

0 

-- 

-- 

Minnesota 

0 

-- 

Missouri 

-- 

Nebraska 

27 

6 

33 

SubtotRl 

27 

6 

33 

Kansas 

Coiorado 

0 

0 

0 

Kansas 

116 

106 

222 

Missouri 

0 

0 

0 

Nebraska 

30 

- - 

30 

Subtotai 

146 

106 

252 

Lower  Missouri 

Iowa 

0 

0 

0 

Kansas 

II 

0 

11 

Missouri 

27 

102 

129 

Subtotal 

38 

102 

140 

Missouri  Basin 

2.009 

622 

2,632 

Sourci:  Department  of  Defense,  Army  Corps  of  Engineers,  1966. 
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Table  S-5  - FEDERAL  LAND  OWNERSHIP  - U.  S.  DEPARTMENT  OF  THE  INTERIOR, 

MISSOURI  BASIN 


Subbasin  end  State 

BIA> 

BLM 

BR 

BSFW 

NPS 

USDI 

(Ibousind  Acres)  , 

Upper  Missouri 

Montana 

122 

5.901 

248 

117 

81 

6,469 

North  Dakota 

0 

0 

0 

0 

0 

0 

Wyoming 

0 

0 . 

0 

0 

592 

592 

Subtotal 

122 

5,901 

248 

117 

673 

7,061 

Yellowstone 

Montana 

-- 

1,617 

21 

-- 

37 

1.675 

North  Dakota 

-- 

0 

0 

0 

Wyoming 

2 

6,133 

515 

1 

1.213 

7.864 

Subtotal 

2 

7,750 

536 

1 

1,250 

9,539 

Western  Dakota 

Montana 

0 

481 

0 

0 

0 

481 

North  Dakota 

4 

54 

13 

5 

70 

146 

South  Dakota 

84 

269 

45 

10 

142 

550 

Wyoming 

0 

471 

16 

0 

! 2 

489 

Nebraska 

. . 

0 

0 

0 

0 

0 

Subtotal 

88 

1,275 

74 

mgm 

214 

1,666 

Eastern  Dakota 

Iowa 

0 

0 

0 

0 

0 

Minnesota 

0 

0 

0 

-• 

• • 

North  Dakota 

3 

5 

0 

120 

South  Dakota 

20 

0 

I 

0 

53 

Subtotal 

20 

3 

6 

144 

0 

173 

Platte-Niobrara 

Colorado 

0 

296 

11 

0 

166 

473 

Wyoming 

0 

3,287 

69 

11 

1 

3.368 

South  Dakota 

17 

0 

0 

0 

0 

17 

Nebraska 

P 

3 

30 

137 

3 

173 

Subtotal 

17 

3,586 

no 

148 

170 

4.031 

Middle  Missouri 
Iowa 

i 0 

i 

0 

3 

0 

3 

Kansas 

0 

0 

0 

0 

0 

Minnesota 

0 

0 

0 

0 

0 

Missouri 

0 

0 

7 

0 

7 

Nebraska 

0 

-• 

5 

0 

5 

Subtotal 

-- 

0 

■■i 

15 

0 

15 

Kansas 

Colorado 

0 

2 

0 

0 

9 

Kansas 

0 

-- 

0 

0 

56 

Missouri 

0 

0 

0 

0 

0 

Nebraska 

0 

0 

35 

3 

38 

Subtotal 

0 

2 

98 

3 

0 

103 

Lower  Missouri 

1 

1 

Iowa 

! 0 

0 

0 

■ 0 

0 

0 

Kansas 

0 

0 

0 

0 

0 

0 

Missouri 

0 

0 

0 

0 

11 

Subtotal 

0 

0 

0 

mmam 

0 

11 

Missouri  Ha'siu 

249 

18.517 

1.072 

i 454 

2.307 

22.599 

I l.umK  IKtuil  uiuliT  lllA  arc  l'c<loiut  UiikN  administvrod  hy  the  Burvati  <>r  Indian  Afrair.s.  prudomlnaloly  Miliinarpinal  lands,  hnt  also 
include  Indian  scliooi  lands  and  administrative  sites,  and  do  not  include  Indian-^ncd  land. 
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Table  S-6  - MAJOR  LAND  USE  ACREAGES  BY  OWNERSHIP 
MISSOURI  BASIN 


Other 

Subtotal 

Other 

1 Wat*»r 

Total 

Total 

Subhasln 

Ag. 

Land 

Ag. 

Land 

I«on-Ag. 

Land 

• ft 

T ft  1 ft 

Dry 

Irr. 

& Range 

Woodland 

Land 

"io 

1*0 

Area 

Water 

(Thousand 

Acres) 

39,082 

Upper 

Missouri 

Prl. 

9,75V 

953 

25,522 

6,685 

1,961* 

25!* 

38,450 

632 

175 

106 

261 

39,363 

Fed. 

... 

... 

5,21*7 

... 

11,932 

1,279 

13,211 

369 

... 

3S9 

13,600 

Total 

9.757 

953 

35,207 

7,211 

25>* 

50,382 

1,911 

52,293 

564 

1C5 

670 

52.963 

Yellow- 

stone 

Prl. 

996 

all, 333 

1,550 

91 

29,313 

261 

29,574 

120 

72 

192 

29,766 

15,434 

Fed, 

... 

35  a/  9,281 

1*,523 

13,839 

1,442 

15,281 

153 

... 

153 

Total 

1,031 

33,6lU 

6,073 

91 

43,152 

1.703 

44,855 

273 

72 

345 

45,200 

Western 

Dakota 

Prl. 

9,097 

198 

31,677 

977 

2C9 

42,158 

771 

42,929 

24 

138 

l62 

43.091 

Fed. 

... 

... 

3,61*5 

1,1*86 

2,1*63 

... 

5,131 

824 

5,955 

310 

... 

310 

6,265 

Total 

9,097 

193 

35,322 

209 

47,289 

1,595 

43,834 

334 

138 

472 

49,356 

Eastern 

Dskota 

Prl. 

Eo.etjf) 

119 

12,51*7 

211 

591. 

3l*,36o 

1,630 

36,192 

99 

240 

339 

36,529 

Fed. 

... 

... 

6 

33 

39 

173 

212 

563 

... 

563 

775 

Total 

20,889 

119 

12,553 

59L 

34,399 

2,003 

36,402 

662 

240 

902 

37,304 

Platte- 

Niobrara 

Prl, 

12.850 

2,781< 

35,11*7 

1,936 

621 

53,333 

1.928 

55.246 

373 

188 

561 

55,807 

Fed. 

... 

... 

!*,l«97 

2.952 

... 

7,449 

326 

7,775 

93 

... 

93 

7,868 

63,675 

Total 

12,850 

2,781* 

39,61*1* 

i*,888 

621 

60,787 

2,234 

63,021 

4C6 

188 

654 

Middle 

Missouri 

Prl. 

11,116 

103 

2,1*85 

631 

U47 

14,782 

772  3/  15,554 

93 

49 

142 

15,696 

Fed. 

Total 

11,116 

103 

2.U85 

1 

632 

447 

1 

14,783 

15  1 16 

787  2/  15,570 

32 

125 

’49 

32 

174 

48 

15,744 

Prl. 

20,638 

1,703 

13,619 

597 

552 

37,109 

1,148 

j 38,257 

12 

21*1 

253 

38,510 

Kansas 

Fed. 

... 

... 

1*9 

20 

... 

69 

213 

282 

83 

... 

83 

365 

Total 

20,638 

1,703 

13,663 

617 

552 

37,178 

1,361  y 38,539 

95 

241 

336 

38,875 

Lower 

Missouri 

Prl. 

10,203 

5 

7,331* 

5,788 

793 

24,123 

717 

24,840 

96 

127 

223 

• 25,063 

Fed. 

... 

... 

7 

170  . 

17  r 

103 

285 

43 

... 

43 

328 

Tot  al 

10,203 

5 

7.31*1 

5,958, 

793 

24,300 

825 

25,125 

139 

127 

266 

25,391 

Missouri 

FRX. 

96,893 

6,8^1 

152,661* 

13,65!* 

3,561 

273,633 

8,039 

261,672 

1,161 

2, '53 

283,825 

Casin 

FED. 

... 

35 

2li,l70 

ll*,l*32 

38,637 

4,380 

1*3,017 

324,689 

1,666 

... 

1,066 

3.819 

44,683 

TOTAL 

96,893 

6,896 

176,831* 

28.086 

3.f<il 

312,270 

12,419 

2.658 

1.161 

328,508 

1/  Fe<ieral  wator  arcos  under  acres  IneXudM  in  land  wca. 


2/  35jOOO  Irrlgablo  acres,  Bureau  of  Hcclswatlon  Wind  River  Project, 

J/  Other  forested  land  producing  agricultural  products  includes:  Middle  Missouri  - U8,OCO  Acres,  Kansas  - U,000  Acres. 
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Table  S-7  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  MISSOURI  BASIN 


I10N-IRRI6ATED 

CkOPLAIIO 


15,841,412 

17.797,054 

15,210,257 

2,140,139 

374,779 

4,303,814 

1,520,279 

1,696,542 

2,702,649 

3,974,912 

1,252,475 

1,204,185 

1,094,901 

574,206 


2,123,347 
565,493 
303,926 
1,791,775 
147,327 
2,207,701 
153,609 
47,829 
61,955 
17,602 
651  ,606 
2,374,928 
406,630 
185,734 
115,165 
330,367 
174,764 
61,834 
88,809 
5,193 
1,122,585 
1,430,120 
2,257,295 
313,264 
228,741 
34,621 
2,184 
536,392 
15,026 
773,292 
64 ,037 
55,339 
36,232 
0 

7,538 

66,677 

65,111 

260,297 

349,222 

2,984,592 

423,877 

11,776 

352,082 

84,758 

16,876 

328 

5,166 

7,541 

0 


IRRIGATED 

TOTAL 

PASTURE 

FOREST  S 

CROPLAND 

CROPLAND 

f.  RAHGr 

WOODLAND 

2,262,144 

19,103,556 

5,912,353 

304,380 

1,063,572 

18,860,626 

6,450,814 

171,887 

607,156 

15,817,413 

11,925,511 

204,209 

54,327 

2,194,466 

7,273,622 

102,731 

0 

374,779 

10,064,889 

897,788 

39,201 

4,343,015 

1,426,365 

9,367 

0 

1,520,279 

2,606 ,984 

41,657 

360,091 

2,056,633 

366,834 

8,212 

19,908 

2,722,557 

876,435 

52,212 

22,522 

3,997,434 

2,711,479 

283,274 

8,616 

1,261,091 

2,614,423 

282,001 

149,274 

94,689 

1,353,459 

1,189,590 

50,067 

42,993 

25,853 

600,059 

559,515 

70,559 

0 

396,170 

966,220 

516,614 

28,10i 

403,301 

145,790 

648 

94,250 

101,053 

202,594 

8,860 

0 

3,997 

3,125 

0 

21 ,489 

1,031,563 

372,579 

267,619 

20,832 

765,026 

621 ,381 

45,932 

24,061 

486,455 

1,785,634 

17,416 

1,985 

67,850 

97,408 

119 

111,092 

2,234,439 

2,865,229 

19,929 

1,981 

567,474 

309,702 

512 

8,862 

312,788 

4,623,301 

42,999 

A92 

1,792,267 

1,946,714 

2.219 

19,153 

166,480 

55,923 

149 

118,229 

2,325,930 

2,475,576 

59,419 

116,118 

269,727 

133,868 

0 

37,769 

85,598 

745,449 

129,567 

84,848 

146,803 

2,258,169 

19,101 

0 

17,602 

18,575 

0 

6,009 

657,615 

9,591,955 

45,112 

394,734 

2,769,662 

1,606,571 

25,817 

49,307 

455,937 

1,363,182 

5,515 

1,030 

186,764 

2,469,853 

72,072 

39,381 

3,392 

118,557 

4,484,133 

86,677 

417,044 

1,036,209 

:2,485 

16,171 

190,935 

5,475,001 

488,881 

0 

61,834 

72,988 

64,593 

36,450 

125,259 

2,614,165 

119,235 

0 

5,193 

9,958 

0 

40,077 

1,162,662 

144,147 

142,042 

20,884 

1,451,004 

1,330,065 

115,230 

353,934 

2,611,229 

692,974 

309,077 

65,887 

379,151 

509,404 

52,288 

6,398 

235,139 

567,676 

106,237 

29,927 

64,548 

481 ,657 

32,609 

20,209 

22,393 

271,975 

8,534 

9,479 

545,871 

2,430,741 

424,345 

0 

15,026 

4,213 

16,519 

23,533 

796,825 

454,026 

5,358 

413 

64,450 

402,359 

11,656 

4,606 

59,945 

109,706 

5,057 

17,894 

54,126 

83,518 

300 

1,52b 

1,526 

23,197 

191 

22,631 

30,169 

14,477 

4,245 

2,035 

68,71? 

256,499 

284 

72,174 

137,285 

197,036 

10,328 

32,376 

292,673 

6,688,270 

169,907 

0 

349,222 

4.258,111 

295 

2.000 

2,986,59? 

14.239,483 

3,558,683 

0 

423,877 

6,991,590 

2,009,040 

0 

11,776 

911,761 

155,293 

0 

352,082 

1,201,416 

10,284 

0 

84,758 

3f9.496 

4,36’ 

1,649 

18,525 

4,2/2,627 

633,494 

0 

328 

2,264,208 

464.101 

0 

5,166 

35,351 

8,630 

0 

7,541 

803,605 

816,627 

0 

0 

0 

0 

6,718.017 

103.790,881 

152.665,426 

13,652,25? 

OTHER 
AG  LAIIO 


341,065 

361,689 

391,037 

54,056 

24,616 

71,858 

38,913 

59,541 

155,489 

234,698 

88,614 

25,537 

19,809 

21,123 

37,569 

10,245 

2,334 

0 

31,454 

34.009 
11,078 

658 

33,083 

940 

5,995 

12,405 

2,089 

59,059 

3,627 

23,269 

1,862 

0 

161.009 
51,736 
12,725 

5,636 
3,520 
5,851 
12,834 
8,444 
2,949 
2,568 
54,346 
35,208 
105,845 
23,369 
28,853 
3,740 
2,175 
58,649 
1,566 
9, "49 
5,378 
1,204 
2,305 

893 

250 

1,000 

4,887 

8,434 

2,540 

221,354 

77,042 

2,474 

6,233 

1,087 

3,275 

1,311 

9,879 

350,524 

112,014 


AG  LAND 


25,661,354 

25,845,016 

28,338,170 

9,624,875 

11,362,072 

5,850,605 

4,287,833 

2,491,220 

3,806,693 

7,226,885 

4,246,129 

1,920,883 

2,195,935 

1,251,256 

1,916,573 


1,703,21b 

1,466,348 

2,300,583 


5,152,680 


4,985,083 

3,754,305 


4,919,984 


2,425,935 


10,456,691 
4,453,786 
1,837,359 
2,734,325 
4,645,591 
1,521  ,589 
6,167,651 


2,861,608 


1,5 

03,197 

2,931,507 

3,719,125 

9 

9 

m 

5 

3 

82,554 

05,077 

\J  Unadjusted  for  projects  funded  for  construction 


Table  S-8  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  UPPER  MISSOURI  SUBBASIN  SUMMARY 


> 

I 

i 


WM-imi«*7E0 

IR8IGA7E0 

TOTAL 

PAST081 

FOREST 

OTHER 

TOTAL 

ronpi  AMO 

B4M0r 

ynnftiAMD 

Aft  1 AMf^ 

Aft  LAND 

102  . 

, 440,010 

202*224 

491,234 

..  _6T4.42I 

67.233 

30.658  _ 

1.623.586 

104 

4.227.585 

241,366 

4,465.351 

2.290,651 

27,783 

47.878 

6,835.703 

lOA 

lt^44t7>4  

900t4Q<l 

1,845[«135 

2.552.725 

26.545 

35.457 

_ _4.660.502. 

100 

612.677 

8.530 

621.607 

1.663.624 

6,532 

3.416 

2,297,575 

110 

171.418 

0 

171.418 

4.805.482 

586.879 

7.826 

9«57S«5SS 

120 

14.467 

6.824 

21.251 

71,257 

2.418 

1.342 

96.308 

13A.  - 

102*020 

.4.5,419 

141,439 

. ...  11D.696 

143 

3lX56 

265.434 

138 

317.745 

61.155 

378.540 

630,823 

20,026 

2.280 

1,032,065 

lilO 

1.744 

_ . 152.817 

125.528. 

_2aA56 

1.315 

283.318 

142 

0 

0 

0 

10.370 

0 

0 

10.370 

0 

0 

ft 

371 

ft 

0 

371 

154 

118.370 

5,851 

128,261 

315.498 

3.718 

3.655 

451.176 

ISA 

279*197. 

2C.245 

_ 298.662 

U215.QZI. 

1 1. 447 

6.159 

Lt5J5,5A5. 

158 

20.455 

0 

20.455 

21.721 

0 

0 

42,176 

160  . 

.--.470#259. 

. ..66c962. . 

, ...  53T,221_ 

_ .442,267. 

2,520— 

10.831 

5-52.835 

162 

12.164 

530 

12.654 

8.045 

0 

0 

20,735 

7.444 

125.5Q7 

70S.24H 

12.440 

3.412 

845.657 

172 

371 

0 

371 

554 

0 

0 

525 

174..  e. 

, . 0 

..0..- 

0 _ 

.462. - 

— ...  0 - 

0 - 

_.66.2 

188 

152.335 

1.855 

154.154 

203.626 

2,115 

1.807  1 

401.746 

.190-.  . 

~121«46&.*- 

.36»839.  . 

158,304  - 

. 163,74.4- 

594 

>42 

.322,696. 

152 

58.826 

740 

55,566 

29.051 

270 

685 

89,572 

1Q4 

11.444 

IQ 

11.703 

>21 •994 

12.615 

607 

246.221 

196 

2.851 

0 

2,851 

58,51.) 

5,062 

10 

66.476 

2U.  . 

..  .96«979 

...32.654 

- .229,633. 

. -.499.475 

. _ ..28^519.  . 

3.798 

.661.225. 

225 

33.581 

0 

33.581 

772.384 

100.072 

825 

506.866 

2J\ 

n 

_ _ .^0 

ft 

..  _482 

n 

1 • 041 

2.428 

3ir 

0 

0 

0 

2.826 

0 

0 

2.826 

41.944 

1.141 

44.42Q 

404.471 

11.362 

1.B24 

462.086 

340 

12.656 

3,830 

16.486 

54,242 

1.762 

0 

72,450 

.420..  - 

397-  ^ 

- ,0..  . 

197 

. _ .176,855  . 

-2.182 

159 

175.631 

530 

•43 

19 

62 

41.231 

10.141 

168 

51,602 

.419- 

47* 

n 

424 

U5QJ 

ft 

0 

1 4949 

622 

174.259 

3.733 

177.592 

2,603,531 

102,349 

3.942 

2,687.814 

n 

3.330 

347. 71 7 

31.350 

0 

382.352 

710 

86.336 

0 

86.336 

2.513,933 

589,302 

50,292 

3.635.863 

141 

n 

141 

14f049 

LaA06 

536.65.L 

760 

328 

0 

328 

669f094 

704,544 

1.25) 

875.259 

ftO 1 

7f414 

0 

...  ^2*93S 

— 185tt7X  . 

. ...i9jAA.fi 

27.355 

559 

0 

0 

0 

0 

0 

185 

165 

TOIAU 

5.756,725 

552.821 

10,705,546 

25.522,448 

1,563,634 

254,142 

38,449,770 

1/  Una(}.1u8ted  for  project!  funded  for  conetructlon. 
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Table  S-9  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  UPPER  MISSOURI  SUBBASIN,  MONTANA  PORTION 


KON-IRRICATEO 

1RR1GA7ED 

10TAL 

PASTURE 

FOREST 

OTHER 

TOTAL 

ran»i  ama 

fLAGPt  AHn 

r.Bnpi  AMO 

RANOF 

UGnPLANO 

AO  1 AND 

AG  LAND 

.10^  , 

. . 66a»lU6_ 

.202* HO.  . 

_ -850«12.4^  - 

..  - 672*206  - . 

. _ 67,233  . _ 

3Q,.658_ 

. 1,620,26X 

104 

4,213.397 

241,366 

4,454,763 

2,280.720 

27,783 

47,878 

6,ail.l44 

aofr-  . 

1*644,326..  .. 

200*609,  - . 

.3,845*335 

- 2,552,725. 

. ,.  26,9.45„. 

_J5j497  .. 

4,560,502. 

loa 

612,677 

8,930 

621,607 

1,663,624 

8,932 

3,416 

2,297,579 

no 

lTI.4ia 

0 

171.418 

4.809.487 

586.829 

7.826 

5.575.555 

120 

14,467 

6,824 

21.291 

71,257 

2,418 

1,342 

96,308 

.136  . 

.a02,020 

49*419 

151,439. . . 

110,696  . 

. 143  . 

. . _3al5.6.  , 

285,43A. 

138 

317,749 

61,195 

378,940 

630.823 

20,026 

2,280 

1,032,069 

a6o 

X5US29 

1*286 

.152,817 

125,528.  , 

.1,315 

283,318. 

142 

0 

0 

0 

10,370 

0 

0 

10,370 

l« 

n 

0 

Q 

371 

0 

0 

371 

134 

118,370 

9,891 

128,261 

315,498 

3,718 

3,699 

451,176 

.156.  . 

278f397..  . 

20*265. 

293*662*.  . 

. 1,215,07.7.  . 

. - 15,64.7.._  - 

6,159  _ 

._  1,535,545. 

1S8 

20,499 

0 

20,455 

21,721 

0 

0 

42,176 

.160  . 

470,299 

66,962 

537,221. 

442.267 

. _ 2.520, 

...  10..83.1..- 

992,.83jg 

162 

12,164 

530 

12,694 

6*045 

0 

0 

20,739 

9.444 

t9<3.597 

12.44D 

3*412 

849.697 

188 

192,335 

1,859 

194.194 

203,626 

2,119 

1,807 

401,746 

aoo 

123,465. 

34,839 

158,304. 

163,744 

. . ..  -.39.6__. 

252__ 

3ZltM9J‘ 

192 

58,826 

740 

59,566 

29,051 

270 

685 

89,572 

. . ii«6a4.- 

^ ..  19. 

.11*703.  .. 

.221*2.96 

.12*615 

601 

. .-246,221 

196 

2,891 

0 

2,891 

58,513 

5,062 

10 

66,476 

911 

QAfQ7Q 

^9.444 

.499^475 

211.^19 

3.798 

661.225 

229 

33,581 

0 

33,581 

772,384 

100,07? 

829 

906,866 

.231-  . 

. Q 

, _ 0. 

. . . . 0 ... 

487-  .. 

0 

1.-941 

._  . _.2,A2.8 

310 

0 

0 

0 

2,826 

0. 

0 

2,826 

3ao 

. ^41«248  — 

3*16L  . 

.44*429,*...* 

_404,471 

.ll*362_  « 

_l*8?Ji 

A62,086. 

340 

12,656 

3,830 

16,486 

54,242 

1,762 

0 

72,490 

^QT 

n 

19/ 

176.853 

2.1B7 

199 

179.631 

930 

43 

19 

62 

39,845 

10,141 

168 

50,216 

619 

. * 425.  - 

. 0. 

„42S_ 

1,507  „ 

n 

- 0 

_ — .1..932 

622 

174,259 

3,733 

177,99? 

2,603,531 

102,349 

3,942 

2,887,814 

-705 

n 

...  - ._.a89 

.324*904.  -- 

^31*350 

0 

356.443 

TIO 

86,336 

0 

86,336 

2,913,933 

589,302 

50,292 

3,639,863 

T9n 

^A1 

n 

361 

520. B41 

14.049 

1.406 

536.657 

760 

328 

0 

328 

669,094 

204,544 

1,293 

875,259 

610 

n 

_ . 2*1135  ^ 

-ia5*7.7U 

. ...69*4.48 

27.395 

286*449 

TOT/US 

. .9,.737,629 

^952,7317 

10,690,336... 

._25, 485,052 

._1*.963,634 

253*957 

Table  S-10  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  UPPER  MISSOURI  SUBBASIN,  NORTH  DAKOTA  PORTION 


NON-IRRtGATFO 

IRRIOATEC 

TROPt  AMD 

TOTAL 
f.RnPl  AM) 

PASTU'I'. 
, , kAKOt 

FOREST 

unOPLANU 

OTHER 
AG  LAND 

TOTAL 

.Jdi_L4HD. 

102  . 

.996 

114 

1.110  . 

2,2l£ 

.0 

- „ . - 0 . . 

3.t325_ 

104 

14,588 

0 

14,5«0 

9,971 

0 

0 

24*559 

172 

371 

0 

371 

554 

0 

. - .0- . . 

_ . , 925. 

174 

0 

c 

0 

46? 

0 

0 

A62 

0 

0 

0 

. ....  *lj.T86 

c 

0 

at3.«.5. 

705 

3,141  . 

0 

3,141 

22,808 

0 

0 

25,949 

0 

0 

0 

0.  . 

...185.. 

JJ5, 

TOT.\I£ 

19,096  . 

.114 

19,210.  . 

37,196  .... 

. ..  . . ..  0 - . 

..  ..-.18.5-_, 

5.6J.79J 

y Unadjusted  for  projects  funded  for  construction. 
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Table  S-11  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  ^IL  RESOURCE  GROUPS. 
CURRENT  NORMAL  ACRES,'  YELLOWSTONE  SUBBASIN  SUMMARY 


1/  Unadjuited  for  projects  funded  for  construction. 
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Table  S-12  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES.'  YELLOWSTONE  SUBBASIN,  MONTANA  PORTION 


r- 

104 

. ■ 

loa 

lSf.937i239 


Table  S-13  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  YELLOWSTONE  SUBBASIN,  NORTH  DAKOTA  PORTION 


1/  Unadjusted  for  projects  funded  for  construction. 


I 

I 


i 

j 


Table  S-14  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS. 
CURRENT  NORMAL  ACRES,'  YELLOWSTONE  SUBBASIN,  WYOMING  PORTION: 


: 

- 


CM 

ETamniliai 

IRRIG6TE0 

TOTAL 
r.ftnai  amo 

PksimE 

AANfif 

FOREST 

ynnoLAMD 

OTHER 
AC  LAMD 

TOTAL 
80  LAND 

toz, 

5Sm3CL. 

70.049 

43.434 

4,128 

1.414 

. „14.0»423. 

IM 

60t645 

60,645 

1,054 

238 

1,045 

62,987 

IA4 

_ aafiaa 

1 1 a.nCM 

460.728 

4.014 

583lIA6. 

tot 

tiiiiiiiitMrallhM 

Ut447 

20(180 

837,764 

7,374 

1,050 

866,368 

lie 

0 

l.V»0 

377.413 

0 

360*966 

ttz 

4tl44 

4(144 

0 

0 

0 

4,144 

i2Q_. 

lilclOO 

11 3^514 

22.105  . 

. 473  . 

3.807 

140,i>.U. 

122 

HIMHf'ffiTiilB 

TtS24 

13(672 

4,447 

0 

426 

14,145 

124 

14.941 

49.740 

1514353 

1.384 

. 4tl 

145.468 

120 

6t339 

15,441 

544,231 

31,448 

1,206 

642,376 

f att 

locate 

10.414 

A99 

0 

411 

140 

2»461 

2(734 

5,848 

0 

8,582 

144.  .. 

.„j:IbS15  .. 

30.382 

IdftO 

31 

32j2Xt 

140 

6fl32 

6,132 

4,212 

118 

15,462 

140 

IcOtO  . 

. .leQiS 

_ _ 261 

0 

HHHHIil 

1.260 

1T2 

lCt772 

10(772 

0 

0 

1,539 

12,311 

114 

in. 4^4 

10.93V 

3.475 

154 

143 

wm^m  1 1 1 II  ■ 

100 

wmmxwrrmt 

7(013 

18(018 

4,084 

0 

0 

27,107 

19^44$. 

519912 

1,126,666 

19,030.  ... 

u 34.4 

. 1(200,234 

140 

3(430 

3(430 

0 

0 

0 

3(430 

29Z 

, .292 

106,  L43. 

-.235... 

946 

*10.7.(616. 

144 

■■■rmWiI 

0 

8(002 

64,128 

2,431 

0 

74(561 

911 

ao 

aq 

1.855 

n 

0 

1.844 

213 

0 

6(585 

4(585 

1 ('444, 208 

139,326 

1,050 

2(041(164 

22S._ 

. 0 

4«294^.. 

_ 6,294. 

. ^5,684 

-7.250  - 

0 

837.(228, 

340 

0 

69 

64 

4,341 

1,054 

0 

5(519 

420  _ 

. .0 

. la.  --- 

3B. 

23,873. 

.22,080.. 

834 

_.  4.6,825. 

614 

0 

1(526 

1,526 

0 

141 

381 

2(048 

AlC 

n 

91.947 

91.9A7 

1.151 

4.199 

244 

26.883 

620 

0 

75(482 

25(482 

31,002 

5,814 

1,827 

64(130 

A99 

. ^ 0 

4»JS2 

4,352 

L3,^i.6 

1,193 

J6C(234 

TSO 

265 

1(346 

1(661 

1,179,634 

37,307 

0 

1(218(607 

140 

n 

fl 

BHIBHHWHi 

964,763  _ I 

27.543 

0 

_292,326. 

TTO 

0 

0 

0 

18,727 

0 

c 

18(727 

am 

n 

n 

Q_ 

155. RQ9 

141.344 

191 

347.427 

TOTAIfi 

„iaa^cAO  __ 

a. 606.739^ 

|||M||M||| 

heb 

_Jl0tl32,3J8. 

^■wnMiaBi 

spsiBiiaai 

aaMMaaBaai 

iBiinilfiEB 

BiiBB 

^ Unadjusted  for  projects  funded  for  construction. 
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Table  S-15  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS. 
CURRENT  NORMAL  ACRES.'  WESTERN  DAKOTA  SUBBASIN.  SUMMARY 


MM-ltMMfEO 

rWMt  AMA 

IMICATEO 

TOTAL 

MSTUOE 

P08ES2 

MOnOLAMC 

OTNEK 

6G  UWC 

TOTAL  • 
AG  LAVr 

002 

10* 

UMUU42SL- 

1,442.404 

1f449f74l 

,.0.0.412 

74.452 

UbSU 

- 2,.5»,2L2. 

10t930 

26^432- 

1,508,094 
1,004.094 

756.460 

2.115.214 

6,211 

6,990 

15,58-7 

2,278,508 

3,,15?.,451 

741,721 

1.618.541 

IM 

14Sfi27 

4f970 

n 

150.342 

44.121 

631,205 

1.444.029 

8,786 

6.972 

1,253 

1.662 

112 

OlA 

120 

.122 — 
124 

222.131 

--  .1.123  .-  . 

11.032 

0 

277*131 

400*269 

4*910 

288 

0 

1,379 

—la* 

679,067 

6.227 

2,661 

. 13*698 

|0t330_ 

113,605 
18.365  - 

0 

0 

81 

0 

127.3M 

-.289645 

f .93^ 

6«271 

9.977 

69*913 

<1,4  601 

503.204 

460.204 

1,104 
92 

1.981 

268 

576.707 

470dl47 

134 

030..- 

142 

.144. 

ISO 

5S.I40 

OS.  231.—  . 

0,204 

. .1,102. 

0 

6«072 

n 

61,412 

05,231 

8,204 

J.102 

0 

11.420 

81*009 

.16*891 

82 

- —.185. 

747 

--146- 

143.800 
- 183,004 

0’ 

. 0-  . 

0 

I,* 

229,129 

.45,118. 

31,422 

40.996 

16,040 

0—  . 

0 

0 

1,193 

93 

0 

254.625 
46,225. 
31,520 
-61.854 

1S4 

OSO  . 
140 
.142. 
144 

041 

122 

2,363 

- 02 
1,362.424 
. 4U.144... 
130,461 

0 

-1,300.. 
20,827 
. 0 
434 

2,369 
1,382  ... 
1,388,306 
482,194.-. 
134,400 
a,ft.l4T 

142,770 

0 

1,447,567 
241,251. 
3,063,759 
1 .280.044 

c 

- CL 

3,673 

281 

21,763 

521 

0 

. .0  - 

17,997 

573 

1,664 
3.997 

155,133 
. - - J»382 
3,357,543 
724,149 
3,226,586 

11,442 

1,131 

12*578 

974^447 

6*764 

1*107*840 

0 

(UA65 

14,342 
— 2.059.964. 

4.24  — 
120 

.100.-. 

102 

0 

. ._  _4,132 

14,055 

0 

. 3,488 
8,202 
n 

0 

13*120 

27*257 
in. 647 

5,812 

.89,658  . . 

119,258 

17.408 

0 

. 

0 

t\ 

5,812 

_2.47.506. 

171.665 

27.450 

lit 

ISO-  - 
142 

23,014 

- .-..23,643 

13,222 

«| ,4*T 

231 

.2,288 

1,395 

..472.. .. 

23,250 

25,431.._. 

14,622. 

52,164 

46 

12.044 

87,686 
-32,069-  . . 
124,164 

1,226,573.  — 

298 

..  .1,17-4 

690 

1,133.  . 

122,292 
3-9,174 
139,604 
— 1,3.07,507 
137,242 
94.303 

144 

46 

0 

0 

1.36,132 

81.760 

1,064 

188 

213 

lt49l 

3t32e 

r. 

4*819 

— _ . 0**- 

1,055,121 
147,985..  . 

85,257 

11.913 

1,040 

0-  . 

1,146,237 

159,8-4.8 

4,460 

232,716 

17,443 

-27,134 

3,455 

1,319 

564,806 

U..661 

18,320 
101 
13,392 
6,047 
69,619 
— . .44, ,397 

310 

320 — 

330 

340. 

3S0 

340. 

420 

310.  _ 

S30 

S40. . 

412 

416 

614 

420 

622 

624 

20S 

210 

220 

230 

240 

250 

260 

110 

444 

TOTAU 

3,221 

-30,020.—. 

6,124 

. ..34,433  -.. 
2,230 

_ 44- 

22,264 

0 

— 0.. . 

0 

217  . 

0 

0 

0 

0 

3,221 

30,828 

6,824 

. ..  12a50._. 

2,230 

44 

22,764 
13.254  _ 

734 

186,264.  . 

8,095 

566.75.  - 

1,725 

-518-.- 

508,863 

12.926 

0 

1.4,712 

2,245 

.4,135.  . 

0 

,0__  . 

32,806 

1.481 

0 

862-  . 

279 

.19*  -. 

0 

70X 

873 

1,153 
. ..0 

1,481 

1,522 

1,684 

0 

0 

^0.  . 

0 

1,344. 

0 

10.847 

1,843 
.0.  . 

8,488 

2,821 

1,604 

10.847 

15,048 

- 10.1 

4,404 
3,130.  - 
67,930 
94.446 

1,419 

-._0.. 

0 

46 

0 

1.104 

0 

0 . 
0 
0 
0 

6,234 

241,444 

49,884 

4,016 

37T 

23,403 

37S 

14,656 

0 

0 

0 

'9, 097,07*3  ” 

2,071 

0 

0 

0 

0 

.0_ 

0 

0 

0 

0 

0 

198,3M 

8,810 

291,494 

99,889 

4,GI6 

377 

73,403— 

375 

14,656 

0 

0 

0 

887,908 
3,997,469  .. 
4,424,306 
57,089 
12,134 

.._  -iOJaJJO 

5,960 

1,838,240 

30,428 

164,404 

0 

0 

295 

227,798 

0 

0 

585 

0 

291,344 

2,016 

7,416 

0 

336 

2,540 

U,529 

0 

0 

J8«-„ 

0 

1,003 

0 

46, 155 

33,819 

897,054 

4,291,898 

4,76"' 

61,105 

12,511 

481,29.1. 

6,335 

2,145,253 

32,444 

227,975 

33,819 

9,295,492 

31,676,824 

976,738 

208,643 

42,157,637 

\j  Unr1Ju«ted  for  project»  funded  for  conetructlor.. 
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Table  S-16  - MAX)R  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS. 
CURRENT  NORMAL  ACRES.'  WESTERN  DAKOTA  SUBBASIN,  MONTANA  PORTION 




106.219 
ULOftM 

43,322 

S2t3La. 

79.343 

4,454 

41,454 

I55,l?3 

1,342 

114,424 
19,119 
27.430 
12,093 
17,741 

LfctlJJ. 

441,945 

41,105 

3,857 

3,454 

3,331 


1,532,930 


Table  S-17  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS. 
CURRENT  NORMAL  ACRES,'  WESTERN  DAKOTA  SUBBASIN,  NEBRASKA  PORTION 


ij  Unadjusted  for  projects  funded  for  construction. 
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table  S-18  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES.l^  WESTERN  DAKOTA  SUBBASIN.  N6RTH  DAKOTA  PORTION 


r 

\ 

102- . 
10« 

lot--. 

loa 

r 

r 

112 

120 

IM 

IM 

fi 

1*2 

r 

IM  .. 

V.'BriiMUjMrtTTPT 


Table  S-19  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  WESTERN  DAKOTA  SUBBASIN,  SOUTH  DAKOTA  PORTION 


1/  Unadjuited  for  piojects  funded  for  construction. 
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Table  S-20  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  WESTERN  DAKOTA  SUBBASIN,  WYOMING  PORTION 


INM-IIWIOATCO 
rmnmt ama 

IROIGATEO 

f 

lOTAt 

flop* 

PASTURE 

FOREST 

OTHER 
AG  LAND 

T07AL 
*6  LAMP 

102 

.H«244 

2.444 

21. *03 

241.27* 

1.385 

2*4.721 

104 

lt*4* 

277 

lt929 

420 

0 

0 

2.353 

^00 

•l.t4T 

L.  21.249 

.103t.092.  . 

1.179.344 

7*  S70 

1.407 

.._1a2K.»32.3_ 

100 

9«*07 

4tlI4 

Ut'721 

10.430 

0 

0 

24.151 

JUO... 

304 

0 

304 

221 *R24 

5.277 

59* 

llfit-PC?. 

120 

*•*49 

2t**l 

9t30* 

101.7*3 

0 

81 

111.150 

a*uiL 

..  Aa2S6 

a«406 

*99 

0 

0 

LPtWL 

124 

*0«4*4 

It271 

*8t739 

4*4.981 

1.109 

1.149 

536.274 

124 

7«224  . . 

, . 2f2TT 

.9t50a 

-4*0.204 

Q2 

- _-._-2.4l! 

A7.0.P4.7. 

144 

It  107 

0 

ItlOT 

49.118 

0 

0 

46.225 

JJfl... 

-JL 

0 

0 

31.427 

0. 

93 

1U52.Q. 

172 

0 

ltl31 

ltl31 

0 

0 

0 

1.131 

lit 

o._  . 

0 

0. 

5.8J2  

_J0_  . 

-P — 

5.812 

100 

It  304 

3t900 

I2t372 

30.343 

1.2*4 

0 

51.979 

102 

19t099. 

It202 

27t29T 

.139.258  . . 

, ..  4..9.50„  .. 

_ -0- 

171.4*5 

190 

0 

907 

907 

3.837 

0 

0 

4.344 

W2.  - 

St  WO..  „ 

Itlll*.  . 

7.000 

-UjD.A.17. 

TR 

0 

JULT,U5. 

194 

lt94l 

0 

lt948 

208.9*8 

10.908 

185 

221.209 

213 

249 

3t32l 

Jt973. 

819.301 

44.107 

. _.  *ox  . 

0*3.582 

229 

0 

0 

0 

147.989 

11.913 

0 

159.898 

240 

0 

0. 

0 

ZtlAA 

_Q 

. M 

. .2.144 

420 

0 

0 

0 

13.984 

0 

0 

13.984 

AlA 

0 

lt^44 

..l«iAA 1 

Q 

0 

0 

1.544 

420 

0 

10t04T 

10t847  ~ 

34.446 

1.104 

0 

46.397 

*22 

0 . . 

771 

771 

390.340 

..  ..l*0_.  . 

399.271 

790 

*49 

0 

*49 

M3.485 

2*2.520 

*1 

776.911 

7*0 

0 

0 

. 0_ 

26.972  . . 

2.Q1* 

0 

. ..  20.988 

110 

0 

0 

0 

52.499 

3.082 

0 

55.581 

TOTAU 

220,940 

76t034 

309t782 

9.2*4.902 

356.322 

6t666 

5.933.672 

y Unkdjuattd  for  projteti  fundod  for  conitruetlon. 
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Table  S-21  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  EASTERN  DAKOTA  SUBBASIN,  SUMMARY 


y Un»dju»te4  for  projeeti  funded  for  ecnikructiot . 
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Table  S-22  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  EASTERN  DAKOTA  SUBBASIN,  IOWA  PORTION 


642tl61 


4«4S8 

u 

142,831 

4,463 

8U>TT4 


Table  S-23  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  EASTERN  DAKOTA  SUBBASIN,  MINNESOTA  PORTION 


S.i« 


^ Unadjuited  fcr  projtetf  funded  for  conetruction, 


Table  S-24  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  EASTERN  DAKOTA  SUBBASIN,  NORTH  DAKOTA  PORTION 


NON-IMIGATEO 

UftlGATEn 

I0T4L 

PASTURE 

FOREST 

OTHER 

TOTAL 

ram  amo 

CROP!  4Hn 

r&opi  44A 

PANf.tS 

HDDCLANC 

AG  LAND 

AG  LAND 

J.02  . 

. .^2«049«.7SO. . 

-25t677  - 

308*493,  « 

43,7.00 

Ji».43.8,j!i6. 

104 

2,944.344 

0 

, 

7,946,344 

1,201,021 

10,588 

1,531 

4,161,684 

_ _J49.47I 

0... 

. .349,47.7. 

350.539 

...  U,0i3 

..  JU45 

- J.21dL75. 

too 

1,343 

0 

1,343 

57,134 

0 

0 

58,677 

119 

I7.4S4 

0 

12«i4SB 

11*060 

0 

0 

25.518 

120 

42.3C0 

0 

42,300 

7,955 

0 

0 

70,255 

-136.^-. 

_ ^ .244,231 

. s>  . 

. - 244,231  . 

42.838 

2.AU 

0 

311,902 

130 

193,423 

0 

193,873 

79,950 

1,209 

0 

274,982 

.ISO 

3,833  .-. 

. ..  0.... 

. 3td33 

. . . 0 

. .,0 

7,631 

1S2 

3,997 

0 

3,997 

2,754 

0 

0 

4,751 

lAA 

74.1144 

7<4oni 

7.618 

10*962 

0 

88.601 

142 

40, 740 

0 

40,740 

25,752 

0 

0 

46,512 

.232,944.  - . 

_ - -0 

232,94.4.  . 

.108,343  .. 

49  - 

. 0 

,341, .354. 

1T2 

133,849 

2C3 

114,032 

42,864 

149 

0 

177,087 

.174 

. „ 331,392 

3«041 

354*433  . . 

.137,986  

. . .2,153.  . . 

1..435 

454,0.1.3. 

144 

7,040 

0 

7,040 

1,147 

0 

0 

8,227 

aoo 

^7 

21*632 

7.447 

0 

37.415 

144 

0 

0 

0 

41,284 

0 

1,291 

42,575 

.211.  - 

. a44«7Sa 

0 

164»F56 

240*403 

- 0..  . 

- . .0 

4.05,1.41 

310 

7,472 

0 

7,422 

V 

0 

0 

7,422 

.sio 

129«323 

- 0. 

129*323. 

102*637 

1*476 

0 

233.484 

330 

33,014 

0 

33,074 

322,935 

96 

0 

354,107 

1 1 . 1 

n 

It .1^4 

40^945  _ 

0 

0 

41.099 

412 

2,083 

0 

2,085 

3,443 

0 

0 

5,528 

.414 

.S«914 

0 

5*914. - . 

- 9*364 . 

0 

0 

15,27.8. 

419 

24,994 

0 

28,994 

158,849 

0 

0 

187,843 

.424^ 

, . ^2# $07.  - . . 

0 

2*587^ 

49*785 

-.0,.  ,. 

0 

,52».3J2. 

70S 

120,477 

0 

120,477 

1,320,001 

3,433 

0 

1,444,111 

7%A 

0 

. t.lTft 

24*426 

0 

0 

27.404 

730 

94 

0 

96 

90,040 

0 

0 

90,156 

tlpT  .. 

144 

0. 

-J.46.- 

4*893 

A 

. _6fi,.626 

73.445 

949 

0 

0 

c 

0 

0 

77,271 

77,271 

TOTAU 

7,249,387 

30,103 

7,299,497 

4,624,01.3 

85,138 

160,897 

12,371,740 

Table  S-25  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  EASTERN  DAKOTA  SUBBASIN,  SOUTH  DAKOTA  PORTION 


TON-IRRIGATED 

IRRIGATEO 

TOTAL 

PASTURE 

OTHER 

TOTAL 

.sag 

CtnPlAliin 

XAU£i.4ND^ 

CRHPl AMD 

RANf.P 

wrnni  and 

Af>  1 AND 

4G  LAND 

102. 

4,625,543...  . 

17,420 

4,643,143  _ 

1,227.,  642. 

_ 3.6,261 

.._.10.7,.7.5.0 

__6j.014iJ1.6 

104 

4,394,527 

0 

4,394,527 

1,973,548 

31,525 

111,524 

6,511,124 

108 

.54,228  - 

0 

54,228 

136..927 

218.  ... 

__  .i,.9ia ... 

1.93  t35J. 

110 

43,911 

0 

43,911 

215,004 

276 

1,217 

260,408 

112.,. 

142.175 

0 

„152U.T5_. 

..  .110,342  . 

6*20? 

?79«Q94 

134 

389,218 

1,355 

390,573 

136,957 

3,140 

U,905 

542,575 

.142 

51,451.. 

_ .0.. 

51,451  . 

71,321. 

. 558 

. . 1,88.4 

125.,  2.1 4, 

140 

139,740 

1,196 

140,954 

182,966 

277 

2,109 

326,308 

144 

272 

. 0 

272 

94,075 

0 

.0 

-94,-341 

148 

744,091 

409 

744,500 

550,398 

2,343 

8,408 

1,305,649 

1X4. 

.401,504 

1,513 

403,51.7 

...  .164x385 

— 

0 

8 

.*> 

X 

8.998 

589.685 

194 

3,459 

0 

3,459 

10,256 

5,929 

0 

19,644 

320 

529,734 

6,715 

536,449 

295,546 

16,541 

12,159  . 

860,695 

420 

284,334 

0 

2.84,334 

816,434 

6,581 

6,542 

1,115,891 

510 

371,959 

0 

371,959 

283,612 

1,682 

2,467  , 

659,720 

424 

52,181 

0 

52,181 

191,788 

0 

0 

243,969 

ZQS_.. 

. 3D,197.._ 

o.._ 

30J.1V7 

943x827. 

3.x281 

6.354 

983,659. 

810 

2,499 

0 

2,499 

19,707 

1,067 

87,769 

111,042 

TOTAIfl 

12,283,443 

29,208 

12,312,651 

7,426,746 

120,588 

377,207 

20,237,192 

1/  Unsdjmted  I'or  projects  funded  for  tonstructien. 
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Table  S-26  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  PLATTE-NIOBRARA  SUBBASIN,  SUMMARY 


1/  UnaiJJu8ted  for  jrojects  funded  for  conetructlon. 
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Table  S-27  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  PLATTE -NIOBRARA  SUBBASIN,  COLORADO  PORTION 


NON-IRRIGATED 

IRRIGATED 

TOTAL 

PASTURf 

FOREST 

OTHfR 

TOTAL 

vmnrrrniH 

CRnPLANP 

AG  LAND 

A(;  LA14D 

J.02. 

^ . 999»0.16 

. ..256t303~ 

. 1.P5S.419 

4B4tl&U  . 

3t855  . . 

. _ -12,6.60 

. 1,-755,-915 

lOA 

167.263 

55,231 

202,676 

168,965 

715 

2,877 

355,011 

106 

33tSaO 

13,385..  . 

. . 66,965 

50,762  . 

188  ..  . 

2,.3.S3.  . 

100,268 

loa 

18,790 

10,378 

29,168 

159 

0 

1,019 

30,366 

11? 

63«?79 

96.483 

0 

868 

160.630 

136 

21.600 

29,368 

50,968 

3,627 

0 

1,369 

55,966 

a38- .. 

S.029  . . 

.2,386.. . 

11,613. 

66.7_. 

_0  _ . . 

878 

12,938 

160 

6,068 

8,901 

16,969 

1,315 

0 

270 

16,556 

.ISO 

0 - . 

J6t933  . 

76 f 933- 

68,173 

-96-  - 

1,-055- 

126,255 

1S3 

0 

19,190 

19,190 

2,363 

0 

156 

21,687 

lAn 

1 f 

ici.1  31 

n 

599 

60.860 

178 

65,936 

106,960 

150,896 

36,696 

0 

2,660 

188,250 

180  . . 

3,685... 

.8,776.  . 

12,659- 

1,621 

12.1 

16,001 

182 

17,529 

9,971 

27,500 

1,666 

51 

29,118 

190 

666,769 

167,681 

832,650 

663,6.92  _ 

6,8.99  _ 

- 1,303,525 

192 

26,993 

6,901 

31,896 

15,191 

375 

67,660 

lAA 

1.144 

97.272 

/.«7 . 1 7 3 

HHHHHBHHI 

786.682 

211 

0 

67,661 

67,661 

669 

0 

0 

68,130 

225 

56,656 

32,156 

86,812. 

6,586 

0..-  - 

1,-968 

95,366 

350 

1,692 

2,719 

6,231 

19,168 

16,038 

363 

37,830 

360 

0 

26,332 

26,332 

28,613  . 

. . 5,116.  . -. 

. . 16  - 

..  -.60,1.55 

361 

0 

20,209 

20,209 

28,306 

0 

121 

68,636 

681 

1^—  1111,1 

510 

9,569 

0 

9,569 

i,m 

0 

379 

11,119 

.612. 

0 

.2,882 

2,882- 

30,922 

. — _0 

318.-  . 

- . 36,122 

622 

596 

0 

596 

11,279 

0 

679 

12,356 

705  . 

- 165,608  . . 

2,000 

167,608 

817,836 

117,376. 

-J,612 

- .1,108,630 

710 

126,656 

0 

126,656 

9l9f348 

266,696 

6,673 

1,293,171 

n 

0 

138. HR 

— 1.11  1 .1 

730 

102,059 

0 

102,059 

636,780 

0 

MBXSM 

561,263 

.760 

.27,775.  . 

0 

27,775.  . 

186,709 

--  0 

216,731 

750 

1,109 

0 

1,109 

97,762 

260,057 

361,200 

.7.70-  ^ 

.,0 

0.  , 

0--  . 

.678.-  . 

. „Q 

,0  . . 

678 

810 

0 

0 

81,975 

278,'5? 

69,810 

630,237 

lOIAIfl 

2,663,212 

915,966 

3f57Vtl78 

6,901,305 

1,081,621 

123,666 

9,685,377 

1/  Unadjusted  for  projects  funded  for  construction. 
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Table  S-28  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS. 
CURRENT  NORMAL  ACRES,'  PLATTE-NIOBRARA  SUBBASIN,  NEBRASKA  PORTION 


ON-IRRIGATED 


■ CiiT  j¥T7T>1 


1 

X5«t 

160 

162 

166 

176 

X 

ISO 

lit  . 

190 

: 

192 

196 

1 

196 

211 

j 

^3 

310 

f 

330 

IT 

360 

350 

360 

361 ..  . 

620 

510 

530 

560 

612 

ioa.  . 

620 

622.  ^ 

705 

720. 

810 

TOTAlsl 

576 


5t6t6iGll 


1,576,057 


576 


11,168,670 


19,969,365 


?66,H61 


679,669 


51,886,323 


Table  S-29  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  PLATTE-NIOBRARA  SUBBASIN,  SOUTH  DAKOTA  PORTION 


1/  "nadjusted  for  projects  funded  for  construction, 


Table  S-30  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
current  normal  acres.'  PLATTE-NIOBRARA  SUBBASIN,  WYOMING  PORTION 


M0i;:7En 

rn«Est 

01HC8 

ICT8L 

rrTnTWTTnHH 

K4  IftI  y 

AC,  1 AMD 

AO  LAND 

102 

203, 119 

25.940 

229.003 

443,019 

0 

2.325 

074,403 

104 

44.003 

20.137 

71,020 

129,949 

0 

152 

197,121 

100 

101.031 

42.279 

143,310 

1.02s. 925 

5,934 

3,080. 

1,181,299 

100 

10) 

0 

30  3 

1,913.226 

23,998 

1,377 

1,538,904 

.UO 

0 

0 

. . - 0 . 

. . _2asau 

n 

0 

28.837 

112 

994 

c 

0 

0 

120 

49.14  7 

.14.471. 

59.618 

5,375 

0 

1.534 

07,077 

122 

4.043 

1.131 

9,774 

2,48/ 

0 

0 

8.201 

124 

17.929 

0 

17,529 

83.904 

0 

506 

101,935 

120 

1.009 

0 

466,699 

0 

0 

407,778 

-UO 

0_  - . . 

. . 0*9...  . 

J4i 

0..  .. 



0 

849 

144 

10.409 

6.106 

22,979 

18,191 

0 

211 

40,937 

UO 

2.970 

11.U5 

14.155 

109,512 

8,648 

1.U6 

133,501 

IT2 

1.000 

7,047 

8,707 

5,/19 

0 

990 

14., 976 

174 

270 

0.923 

9,201 

1,171 

0 

492 

10,804 

UO 

4.799 

17,994 

22,793 

124,881 

0 

703 

148,377 

ao2 

0 .. 

3J.600 

_ J3U80..- 

.S#9.U9  .. 

. . - 0-. 

4tL 

.1j  52?,. 3.40 

UO 

0 

022 

022 

0 

0 

933 

1.555 

UO 

24.009 

8.261 

32,310 

77,119 

0 

630 

110,085 

192 

O.ORO 

7.071 

10,79/ 

578,099 

0 

1.022 

589,864 

194 

15.077 

0 

15.877 

243,314 

0 

0 

299,191 

190 

302 

0 

302 

16,670 

0 

0 

10.972 

211 

070. 

-400  - 

1.278.. 

. . .2.L47 

_ - _ .0—. 

0 

3^025. 

213 

12.943 

4,559 

ir.102 

1,999,923 

199,013 

141 

1,812,179 

229 

972 

0 

572 

292,7/4 

0 

0 

253,346 

340 

0 

0 

0 

10,761 

1,104 

0 

11,805 

420 

0 

4,553 

4,593 

99,959 

8,307 

0, 

112,879 

614 

0 

0 

0 

23,197 

0 

512 

23,709 

OU  . 

Q . 

- - . 0 - . 

._  -.  __a 

#32  -. 

. JJ . 

0 

832 

020 

0 

12.209 

12,209 

90,979 

0 

0 

108,788 

022 

0 

0 

0 

372,689 

0 

0.  . 

372,089 

790 

790 

253 

1.003 

1,026,263 

44t786 

0 

1,072,052 

700 

0 

0 

0 

244,032 

77,080  . 

0 

321,112 

770 

0 

0 

0 

2,360 

0 

0 

2,360 

JiQ. 

. ^zo 

n 

.70.  . 

^ lQBt5i^l 

_ 210.566  . 

0 

.329,615 

TOfAlfc 

507.477 

229.824 

737,301 

9,699,193 

585,496 

15,833  . 

11,037,823 

1/  Unadjusted  for  projects  funded  for  construction. 


Table  S-31  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  MIDDLE  MISSOURI  SUBBASIN,  SUMMARY 


1/  Unadjusted  for  projecti  funded  for  construction 


S-24 


Table  S-32  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES.'  MIDDLE  MISSOURI  SUBBASIN,  IOWA  PORTION 


MM-IRRIC4TE0 

IRRIGATEO 

TOTAL 

RASTURE 

F0RES7 

OTHER 

TOTAL 

CM 

4ANGF 

rriTrrTTVTTTT^HH 

■ 1 ■!  M — 

1A9 

.131c 443 

133.441 

.ScidOJ 

S71 

JJ.65JL 

. . J55,2.61L 

IM 

lt419«000 

1.419.009 

113.993 

10.709 

67.201 

1.606.8T1 

1A& 

2f.A44fl4C 

9.A44.14C 

235j164 

19.133 

67.742  . 

.-_2a.391...4.0jL 

loa 

223.229 

223.229 

96,827 

13,998 

4.R49 

296.663 

lt9 

144.C74 

IHHKH 

144«474 

14.472 

1.398 

4.917 

114 

■■■TTKtTSM 

171.172 

23.916 

2,820 

3.469 

201.377 

120  _ 

-171^414 

0 

.373.636 

, . -33436.7 

79.7. 

9.943 

41.7..545_ 

124 

46.296 

0 

46.296 

13,638 

227 

699 

60.696 

124. 

111^441 

A 

111^441 

41*112 

2.494 

i.166 

151»63.5- 

134 

41.667 

0 

41.667 

2.003 

994 

1,449 

49,939 

114 

0 

10.C44 

2.233 

0 

696 

ff  WlJB 

140 

14.  ISO 

0 

14.190 

2,914 

0 

602 

17.266 

14? 

lc4Q2 

0 

1.602: 

95 

191 

232 

2.12P 

144 

162.691 

0 

162.691 

29,361 

IftA 

3.621 

196.041 

l^l 

12t046  , . 

. - .0.  . 

. . .12  •046 

..  .—3,183. 

0 

...226  . 

— 15.455- 

1S4 

4.279 

0 

4.279 

2,432 

819 

0 

7,926 

174 

9.^970 

A 

9.97A 

707 

0 

46 

211 

6.760 

0 

6.760 

379 

A 

326 

7,469 

211 

^1«8Q8  ... 

.0- 

it608  . 

1,299__ 

. . 0 

0 

_3.10.7. 

|Rtjn| 

229.600 

10.796 

240.996 

12.440 

1.149 

2.467 

296.614 

f77fCA7 

10«294, 

632«801. 

228»344. 

. -.17*154 

13.^150 

691.449 

EftB 

369.904 

906 

390.610 

42.982 

10,843 

13,132 

497,767 

94.441 

A 

144 

0 

4.889 

T ™ " mB 

3S0 

4.074 

0 

4.074 

0 

100 

2.019 

6.169 

MZO  . 

. -32.609 

0 

32.609 

. ,100.467 

7,2^4  . 

.19.216 

159.51L 

421 

11.122 

0 

11.122 

967 

13,272 

1,001 

29,962 

CIA 

. - _ . .0.  . 

- Sc309 1 

. 2»55i.- . 

...  0 

139 

-6..6Q1, 

612 

1.343 

0 

1.343 

0 

0 

0 

1.343 

t CC  . 

A 

144.994 

I44.9H4 

84.026 

6.189 

710 

0 

4.967 

2.000 

0 

237 

6.824 

.7,70 

HHiIBHTTvTpBilll 

- 4#16J 

7,441.. 

.6,794...  , 

6.831 

.27.»233.. 

610 

Bn 

BBl 

1.177 

1,674 

0 

2,970 

9.421 

TOTALS 

6.469.993 

21.996 

6.487.911 

1,130,919 

194,877 

249.209 

8.062.976 

Table  S-33  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  MIDDLE  MISSOURI  SUBBASIN,  KANSAS  PORTION 


NON-IRRIGATED 

IRRIGATED 

TOTAL 

PASTURE 

FOREST 

OTHER 

TOTAL 

SMC 

1 1 1 1 III  1 — 

RANGF 

rnr:T>TTT:T«Hai 

■ 16 

lOi  . 

36t556  — 

— 2.991, 

37..5.4T- 

. 7,_913  .. 

3.P20_ 

,8U.-. 

. 49,.89J 

104 

36,417 

0 

36,417 

4.30b 

710 

594 

42.026 

-106.  - 

.183f7ai-.  , 

0 .. . 

163.761 

74,111  - 

. 5.917  , 

. Z..M9  , 

. 216J.5A8. 

106 

19,338 

0 

19,338 

6,948 

1,495 

430 

28, 211 

170  , 

18.431 

0 

1.592 

75 

287 

20.385 

122 

86.833 

0 

86f833 

16,643 

905 

1,253 

105,234 

124--- 

68,052.-  . 

0.  . 

68,052.  . 

.12,934  ._. 

. ,853. 

1.316 

83,155. 

126 

42.239 

0 

42,239 

16,821 

2,144 

981 

62,181 

136 

592 

. 0 

592. 

Z02  - 

— 0 

. 12  _ 

806 

140 

262 

0 

287 

147. 

7 

5 

436 

iQA  , 

?37 

. 237 

29 

3 

‘46 

— — 3A5 

192 

72 

llAHIkHiB 

22 

H 

0 

3 

33 

310 

17,077 

17,077 

7,337 

6,061 

301 

25,776 

330 

3.406 

3,406 

419 

660 

70 

4,555 

350 

11,339 

11,339 

475 

1,848 

20? 

13,864 

420 

6f490 

8.490 

17,540 

15.605 

584 

37,719 

.70S  . 

23t863 

£3.U3L  . 

24i512-. 

20.789 

1.088 

_ 70.737 

710 

800 

0 

800 

2.338 

3,670 

68 

6,876 

740 

90 

0 

50 

76 

0 . 

0 

176 

610 

0 

0 

0 

0 

1,580 

68 

1,648 

TOTALS 

555,781 

2,991 

558.772 

134,345 

65,542  ' 

*10,898 

769,557 

1/  UnadJUBted  for  projects  funded  for  constnictlon. 
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Table  S-34  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULtURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRIES,'  MIDDLE  MISSOURI  SUBBASIN,  MINNESOTA  PORTION 


NON-IRriCATEO 

fBAM'.Min 

IRIIIGATCD 

TOTAL 
rAAAi  Ann 

MS1U*E 

•lliifiE 

MCODLINO 

3THE* 
AC  LAND 

AG  LAND 

1A9 

A 

19,.AA4 

493 

0 

14367 

„ Ji4jJ!>4 

104 

52^012 

0 

S2«012 

4.02* 

0 

9.321 

41.341 

1A4 

4,^411 

0 

^.41t 

1.442 

- 0 

942 

Jl»4J5. 

lot  - 

0 

0 

0 

430 

0 

0 

430 

1«4I^ 

A 

1-413 

244 

0 

0 

1.439 

140 

393 

0 

393 

0 

0 

9S 

491 

149 

9-71’f 

0 

2.Tlf 

I9i 

0 

. - _ %• 

-JbJElL3 

144 

4Tt420 

0 

4Tt470 

6.292 

0 

3.137 

97.009 

911 

A 

3.3*2 

9AS 

0 

. 0 _ 

_.3..6n 

231 

lt414 

0 

l(tl4 

5.709 

0 

14t 

7.471 

«9A 

491 

A 

49t 

1.19* 

0 

0 

1 

420 

0 

0 

0 

1.329 

0 

0 

1.329 

«IA 

«f  A9Q 

0 

-qfA2<l 

2.*49 

A 

149 

jztm 

T0IA1£ 

177^708  ..  . 

.0-  . 

177. 70A 

24.6.43 

n 

1Q>.<36 

>73. 203 

Table  S-35  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  MIDDLE  MISSOURI  SU3BASIN,  MISSOURI  PORTION 


NON-IRRICATEO 

IRRIGATED 

TOTAL 

PASTURE 

FOREST 

OTHER 

TOTAL 

ranvi  amh 

r-inpi  AMH 

CAflPLAMO 

AAMfiF 

UOODLANC 

AA  L AMD 

AG  LAND 

-lOA-  - . 

J92«aS6 

^ 0. 

132*056 

58.JB6T,. 

18.107 

5.207 

. 21i».2iL 

.104 

174.523 

0 

174.523 

52,901 

10.490 

7.39* 

247,512 

-loa..  . 

. _ 1^4.460 

0. 

. -a4*46Q_ 

24«a43 

^>46.0 

117,427. 

122 

94.449 

0 

94.449 

44.004 

4,3*5 

7.84* 

170,728 

JL2.A. 

197. *91 

0 

197.891 

147.497 

4.  *59 

10.277 

_ 342.724 

124 

100,390 

0 

100.390 

91.230 

11.954 

7.420 

210,554 

.153. 

. 100.610 

^947_  . 

. - 101.557 

2L.X41 

2l!W.2 

. .-Jt4.n  .. 

Ji7.A*l. 

310 

44.94S 

0 

44.94* 

0 

4,934 

11,2.3* 

61,120 

330 

210.179 

.-4.375„ 

214,754..  . 

. .23,0.40 

..  .33,209  - 

.1,370  _ 

272,3.73 

340 

7,127 

0 

7,127 

0 

0 

0 

7,127 

JOS.... 

- ..asasn.!. 

0 

. JLUlZZZ 

101.492 

12T.S79 

13.431 

.JlWi2I2. 

710 

0 

0 

'J 

274 

2.193 

0 

2,447 

TOTALB 

1.308.190  ' 

5.522 

1.313,712 

585,391 

225,564““  ■ 

70, 560 

2,195,229 

1/  Unsdjufted  for  project!  funded  for  eonetructlon. 
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Table  S-36  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  MIDDLE  MISSOURI  SUBBASIN,  NEBRASKA  PORTION 


1/  Unad,1u(ted  for  pro.1«cti  funded  for  conitruction. 


S-27 


Table  S-37  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES.'  KANSAS  SUBBASIN.  SUMMARY 


tON-limiSOTEO 

imiCAlEO 

TOTAL 

EASTIWF. 

FOAEST 

07HER 

107AL 

r4A4i  AIM 

Aiofl 

yimi*  Aiifi 

4C  1 AHA 

Afc  LAM 

in> 

4.114.114 

440.414 

9. 094.009 

__U040«S22 

*T.1*Q 

00.999 



IM 

3t0<0tl3a 

301*100 

3*390*026 

640,696 

20*009 

59*197 

4,002,964 

164-- 

2.211.4T7 

31.073 

2.324.990 

144.690  . . 

33.779 

40.710 

3.191.697 

loa 

394tS47 

0 

394*047 

469*992 

9*907 

19*241 

047*647 

lie 

21.741 

0 

29.749 

212.300 

149 

2.391 

304.969 

112 

1.440t043 

9*391 

1*649*394 

969.499 

1*262 

19*499 

2*291*974 

014 

ia>flT«441 

0 

1*007«469 

1*29.1*240 

•41 

19.074  .. 

-J1,.325i>46 

120 

119t944 

102*144 

1*111*710 

04*449 

2,979 

36* 197 

1*301*111 

022-  . 

1.101.430 

..  1.U6.990 

- —300*043 

4.701 

34*  451 

1*954,0I!5 

124 

904*370 

0 

906*310 

114*212 

1*001 

14*671 

777*200 

194 

96A4.94A 

A 

>«io.950 

144.741 

29.5>5 

i.015 

929.999 

19* 

49.474 

14*729 

00*401 

13*320 

0 

1*003 

99*924 

aat 

U0»112 

..  i30«50Q 

-30..424. 

.1*111 

1.973 

J 04*108 

140 

79*417 

.. 

0 

19*411 

44*200 

774 

1*713 

122*304 

-154 

. - . .121 

-.0.-  . 

..  .7?^-  . 

J14,.  _ 

_202 

30 

1S4 

709 

0 

709 

410 

294 

26 

1,403 

144 

tA9 

^4.653 

55.451 

4 

455 

90.790 

140 

0 

0 

0 

993 

0 

0 

993 

,14? 

•«24S  - 

0 

. 0*249.  . 

4*094 

. . 103 

150 

J51522 

144 

1*132 

0 

1*132 

1*904 

0 

0 

2*638 

024.  - 

-.111*431  „ . 

. _ J.714. 

119*419  ... 

04*224  . 

. - -l,224._.. 

,4.304 

— _205UM 

ITO 

107*419 

11*190 

110,033 

93*340 

0 

967 

213*160 

1 

ti 

144 

44A 

44.451 

100 

100*194 

0 

100,194 

949*100 

1,491 

60,714 

000*073 

410-... 

411*114—  . 

.43*900.  . 

734*416  — 

— . 7U4.244.  . . 

3,199...  . 

9*JU 

U.01O5J3.9 

112 

44*942 

031 

69*791 

40*497 

113 

1,102 

107*471 

-154 

.j|«500 

- .5»5Q6  ... 

J1U255  . . 

- - .0.  . . . 

__  i*aot 

32*519 

114 

11*944 

— . - . 

1*042 

13,400 

710*930 

0 

627 

792*965 

3V% 

n 

14.41A 

i.>4n 

154 

51.447 

310 

211*400 

229 

219,113 

33*094 

14,911 

9,119 

274*653 

420  . 

I0f015 

. -0- 

.IQ«019.  . 

12*772 

351 

..  ..  .53  . 

_ . 13*429 

330 

103*410 

63*909 

247,003 

1O5*860 

41,449 

0,932 

409*072 

94A 

.12«28Q. 

- . .10*711. 

1*443.. 

54t--. 

23*50l 

390 

100,212 

...  _ 

1,200 

101,492 

30*000 

10,901 

3,230 

193,303 

\\n 

4.T44 

14.145 

7.754 

754 

?9.544 

341 

0 

0 

0 

4,720 

639 

0 

9*367 

..5l«2ft2.  - 

243*315 

373*533. 

.15*355.  .. 

123*.94X 

910 

114.020 

_ - 

22,199 

199,023 

30*143 

932 

9,709 

244,037 

49A 

l?t?47 

. . 14*Jlt 

_ .0.- 

.2,940.  . 

10*194 

940 

32.372 

. 

490 

32,062 

10*091 

3,032 

1*190 

99,949 

412-  .. 

aoa. 

— .211—. 

J14 

4*192. 

. - .0..  . 

99  - 

. 6,101 

414 

11 

0 

97 

0 

0 

4 

101 

.411.  . 

2.303 

.0. 

2,303 

290  . . 

- .7- 

. . J120. 

2, .AM 

420 

20,174 

0 

20,776 

9*691 

49 

293 

26,779 

422  . 

911 

0 

999 

22.111  . 

0 

0 

23.310 

T09 

1*490,071 

0 

1,600,071 

3,999,100 

100,259 

61*206 

9,797,596 

>no.  - 

- ...  90*I99„ 

A 

90,799.  . 

. .646*699.  _ 

49,370 

,6*QL1  . 

. - .I6.0j.8X8 

T20 

10,002 

0 

10,002 

25,269 

0 

0 

36,067 

130 

173.364  - . 

,-.0.-. 

173,364.  . 

319*910 

.9,032 

-3..621  - 

502,327 

140 

91*760 

0 

91,760 

112*960 

3,447 

749 

220,912 

Olfl 

239 

0 

218 

7.514 

3.929 

9.201- 

L_  01i.(X2 

wi'Aia 

20.691,632  . 

1,649,907 

22,341,219 

13*619,267 

. 597,033 

591,452  . 

31,100,971 

Xj  Untdjutted  for  project!  funded  for  eonetructlon. 
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Table  S-38  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES  ' KANSAS  SUBBASIN.  COLORADO  PORTION 


NON-IRRICATEO 

IRRIGATED 

lOTAc 

PA5TUWE 

FOREST 

OTHER 

total 

fill 

ranM  aha 

8am;F' 

lifWMH  AMD 

AG  LAND 

AC  LAND 

102 

..1«734«195.  , 

_ ,t70t3A$ 

. at904«540 

. - ^514.223L_  _ 

0. 

J.62.6, 

2.428,384 

104 

100.004 

24.447 

120.003 

45.370 

0 

776 

171.444 

ao*-. 

22.120 

_4.103 

, 27.022 

44,738. 

. . I.,150_  , 

,77.410 

112 

240*001 

0 

240.001 

22t.844 

0 

2.631 

124 

22>424 

1 A«1 11 

42.747 

7.256 

0 

234  _ 

30t2SJ. 

130 

437 

48 

720 

0 

0 

0 

725 

^40 

jO 

.0 

, - . 0„  „ 

. „.403 

. __J), 

,0..,.. 

_453_ 

ITO 

107.470 

11.108 

118.833 

43.360 

0 

467 

213.160 

100 

277.404 

10.290  . 

246.804,  . 

111.003 

...  0 

l.JBOA  — 

410,246 

102 

1.004 

124 

1.723 

10,102 

0 

0 

11,825 

144 

11*414 

14849 

ia.Jifd 

T19J3J 

0 

52St__ 

300 

0 

145 

145 

1.154 

0 

0 

1.354 

420 

4.000 

3.230 

7.375 

11.451  _ 

0 

575 

14,351 

010 

23.344 

0 

23.346 

16,687 

0 

47 

40,350 

422 

0 

0 

0 

20,198 

0 . 

0 

20,148 

700 

107.910 

0 

157.415 

314,854 

0 

242 

478,011 

Tlfi 

I4«ai4 

0 

14 *838 

68.417. 

0 

242 

720 

10.R02 

0 

10.802 

25,265 

0 

0 

36,067 

730 

140.390 

0 

140.344 

174.105 

0 

2,743 

317,297 

740 

2.040 

0 

2.545 

19,840 

0 

0 

22,385 

aio 

0 , 

0 

0 . 

6,344 

-0--  . 

. 5,.034  . , 

J1.520 

TOTAU 

94<(494A 

3«129*754  . . 

. 0 

24.145  ■■  . 

, _5*.5Sl.fiJ3 

Table  S-39  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  KANSAS  SUBBASIN.  KANSAS  PORTION 


NON-1RR16ATE0 

IRRIGATED 

TOTAL 

PASTORF 

FOREST 

OTHF.R 

TOTAL 

r.8npi  4Mn 

rftnpi AMD 

RANr.P 

unnnL  amd 

AG  L6N0 

AG  LAND 

J.02 

- .2«26a».4S9 

298^128 

2.501.581 

45Q»400 

63*402. 

33,33.7  - 

. .-3,03-4., -7-26. 

104 

1,832,060 

40,416 

1,872,476 

485,581 

14,865 

22,959 

2,396,381 

108  , 

1.341, 10 1_ 

. .0  - 

1.361*107 

508, .4.98 

.31, 7.0.6  - . 

- — 25.,-14A.  - 

.._l»a7.7,.63.5 

108 

234,063 

0 

236,563 

369,406 

5,841 

11,052 

622,862 

112 

1.052.882 

0 ^ 

1.052.662 

279.326 

348 

6.743 

1.339,079 

114 

734,343 

0 

734,343 

309,074 

225 

6,409 

1,050,051 

a2CL 

....  380.630 

. _ -11*43 

. 398,066 

60,849 

2,-431,  , . 

7,307  - 

469,303 

122 

866,417 

1,458 

868,875 

256,873 

4,494 

21,253 

1,151,495 

424. 

322«i42 

0 

522f842  . , 

14.4»043 

— 1,88T,_  . 

Jl,702 

680,474 

126 

248,253 

0 

248,250 

196,741 

22,925 

8,039 

525,955 

198 

too 

0 

IQQ 

71 

0 

0 

121 

138 

124,870 

0 

129,875 

50,424 

1,111 

1,973 

183,383 

,140 

..259  617 

.0. 

75.617--  . 

.44  >280. 

, 11-4. 

i,.m 

122,384 

154 

727 

0 

727 

314 

282 

30 

1,353 

4.56  . 

...  - . 70S. 

0 

705 

,418.  .. 

. .254  . , 

„ 26,  . 

1,-403 

108 

34,441 

342 

34,833 

55,453 

6 

498 

90,790 

189 

7.898 

0 

7.436 

4.894 

183 

250 

14.763 

174 

20,884 

6 

25,842 

40,417 

1,224 

311 

67,844 

.190. 

379,060 

1,713. 

180,773 

90,77.1  .- 

„ -4*.07-7 

3.-403  — 

279,026. 

142 

678 

0 

678 

563 

113 

42 

1,396 

.310  . 

^ 218,443.- 

. 0 

218,443  - 

33,004  . . 

- . .16,47.1 

„ _ .5*110— 

213*089 

320 

10,014 

0 

10,019 

12,772 

551 

83 

23,425 

990 

89.910 

0 

A9.11D 

hO. AQ1 

12.973 

2.047 

1 5Ar071 

300 

92,008 

0 

42,508 

25,921 

9,033 

2,557 

130,019 

^80. 

3f787. 

* 0.  . 

. . . 3*767.-  . 

304 

„ -32I_.. . 

. 14,635 

420 

58^075 

0 

58,075 

116,714 

123,684 

9,391 

307,864 

510.-. 

..5»85S  , - 

- - ..  0.  - - 

5,605-  .. 

. - 931 

. . . 45.  - 

45-.  . 

6,682 

<30 

52 

0 

52 

932 

0 

0 

986 

418 

«7 

n 

Q7 

0 

n 

4 

101 

619 

2,303 

0 

2,303 

250 

7 

128 

2,688 

620  . 

-19,879.  _ 

0 

19,879.  . 

5,651 

49 

293 

25,878 

705 

1,520,841 

0 

1,520,891 

3,359,401 

99,541 

60,526 

5,040,359 

.710 — 

-_A3,957 

0.  . 

. . 4.3,951-  . 

.518,222  - 

- . . .49,370 

5.-722  . 

67.7,271 

730 

32,465 

0 

32,965 

141,405 

9,832 

828 

185,030 

T8n 

48^715 

0 

49.215 

153.120 

3.447 

745 

7D6*677 

810 

48 

0 

48 

301 

3,142 

56 

3,545 

TOTAIfi 

12,150,645 

300,946 

. 

12,451,691 

7,898,960 

484,653 

2S1>256 

21,086,560 

8-29 


y Un«djmted  for  projects  funded  for  construction, 


Table  S-40  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  KANSAS  SUBBASIN,  NEBRASKA  PORTION 


IHM-1RS16ATE0 

IRRIGATED 

TOTAL 

PASTURE 

FOREST 

OTHER 

TOTAL 

rsnpi  AMO 

BAMCF 

Mooni 4Mn 

AG  LAND 

AG  LAND 

A02  - . 

953«S40 

931.221 

ls.484.741 

93.899 

3.747 

33.994 

Lt622t4.01 

104 

It  119.422 

244.129 

1.399,947 

117.709 

9,220 

12.042 

1.914.934 

.104.„  . 

904.941 

. -26.880  - 

. ... -935.821- . 

- A96.922  _ 

2.073 

21,JJL6 

-Ji.094j.l32, 

100 

120.304 

0 

120.304 

100.146 

146 

4.189 

224.785 

110 

24.7A9 

0 

29.769 

272.308 

149 

2.391 

304.949 

112 

344. 8S0 

9.391 

372,231 

44,237 

914 

10.089 

447.447 

tl4 

. ..-273.324 

. , . 0 

273.324 

988.184 

418 

13.449 

1.279.595 

120 

414.931 

144.713 

779.644 

23.770 

144 

28.290 

831.808 

^22 

.242.721 

- j(*594 

247.715._  . 

„ - .43,190 

_2Bl 

. ..,13,39J 

.-  — 3D*i59ft 

124 

43.928 

0 

63,928 

30.229 

0 

2.949 

94.724 

52.94i7 

4.942 

37.939 

4.043 

0 

1.944 

49.144 

142 

809 

0 

809 

0 

0 

0 

809 

.144  . 

1.132  . . 

_ 0.  . 

1,132- 

-1.506 

0 

JO  . 

. . 2 1.43-8. 

1T4 

89.799 

3.768 

89.923 

43.807 

0 

3,993 

137.323 

UO 

2.744  . 

_ 0 

2.746- 

44,860  

. - .l»-9__  . 

- *44 

. . ..4.8j481. 

ISO 

180.794 

0 

180.794 

949.108 

1,497 

68.714 

800.073 

190 

...234.512 

__  .22.492 

297.004  - 

93.972  . 

1.122 

4.471 

.U6l2»9. 

142 

42.490 

708 

43.398 

29.792 

0 

1.060 

94.250 

194 

9.900 

4 

9,906  . 

21.294. 

. .0.. 

. 1.389, 

32 1 5.89 

194 

47 

0 

47 

99,197 

0 

98 

59,342 

213 

19.930  . 

0 

15.530 

-44.294 

. ..  1.280 

. .U8.  .. 

-83.942 

310 

1.249 

229 

1,470 

0 

94 

0 

1,544 

w 

IQOtlQO 

, 43.909 

49.197 

28.476 

4.489 

247.851 

340 

4.990 

9.290 

12.280 

10.711 

1.643 

967 

29.601 

390 

7.784 

1.009 

8,789.. 

11.000 

- 1.9,48.  .. 

. . _ -4.T1„- 

...  ..-22,.0.1Q, 

340 

1.487 

910 

1,997 

5,998 

4.909 

429 

19.329 

341  - 

0 . 

0 

- 0-.- 

4,728  . 

- ..  ,639....  . 

- -.y 

Si36.7. 

420 

29.304 

974 

29.882 

119,193 

50.269 

5,  ,22 

196.726 

910 

- -147^40? 

22.149 

1 70.009 

20.149. 

- 4.81_ 

9.447 

197.009 

930 

13.190 

394 

13.984 

13.386 

0 

2,940 

29.910 

540  . 

^f372 

490 

32t94r 

18.097 

3,832 

.1..19J 

. . 55,945. 

412 

303 

211 

914 

4,192 

0 

95 

4.801 

420 

197.-  . 

0 

.597  , 

- >0. 

0.  ^ 

- .851 

422 

999 

0 

994 

2.183 

0 

0 

3.182 

2.049 

0 . . 

2.069 

. -.2I5.92S 

TIB 

_ .518 

. _215s214 

SIO 

190 

0 

190 

1,139 

387 

193 

1,909 

TOTALS 

9.696.943 

1,103.331 

6,760,274 

3,280,943 

112.380 

2T5.401 

10.428.598 

1/  Unadjusted  for  projects  funded  for  construction. 
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Table  S-41  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  LOWER  MISSOURI  SUBBASIN,  SUMMARY 


NON-IRRICATEO 

IRRI6ATE0 

TOTAL 

RASTURE 

FOREST 

OTHER 

TOTAL 

.SKG 

ransi  aim 

■ II  Ml  1 1 — 

•ftMCF 

■ 1111  — 

■ HIM  ■■ 

102  . 

107. 

.31.0.77 

10.138 

_6»11.8 

1.673 

72*886 

104 

663t290 

136 

663*626 

266*662 

60*620 

35*760 

809*326 

106  1. 

. ..  J00.176 

.0  . 

-300*176-  - 

220a6Q6.  _ 

33*322 

16*633 

_ 636*062 

100 

31«761 

0 

31*761 

36*860 

11*103 

679 

103*363 

120 

62.306 

0 

12.203 

561 

1.666 

56.766 

122 

1.013»671 

0 

1*013*671 

616*362 

^^KTTTTTm 

63*819 

1*366*538 

.126 

. , .2.06S«366 

. . J)  . 

. 2*063*966...  . 

. .1*607*300 

202j61L 

6*626*051 

126 

602.302 

0 

602*302 

767*623 

68*632 

1*706*633 

136 

126.122  

307.  . 

126*629.... 

..  . 3.6,735 

...  — 

2.02,223. 

130 

100*666 

0 

100*666 

106*381 

9*966 

313*705 

160 



A 

166.669  

14*41 0 

.Mr  jf:  ^ ■ 

162 

322*166 

0 

322*166 

366*380 

699*766 

33*873 

1*602*390 

166 

1*622  __ 

- . 0 

1*622 

333  „ 

. _-.23.9,.  .. 

0 

2,166 

133 

067*610 

1*332 

868*770 

365*312 

765*127 

26*383 

1*538*592 

1S6 

300*101... 

0 

388*181 

112*282 

37*39.6_ 

. .W.785_.. 

767.,  667 

136 

136*636 

0 

136*939 

71*806 

1,679 

3,516 

211*708 

ISl  - 

4.34I 

^ _fl. 

6.368 

12.613 

113 

160 

22  *444 

m 

66 

0 

96 

67 

0 

0 

163 

211 

10*660  . 

0 

18*960 

26*166 

6*327 

_.0.  . 

. 52,61.3. 

213 

11*130 

0 

11*130 

51*397 

36,002 

1*658 

68,207 

217 

61*036.  . 

0 

61*836  . 

.72*988 

66,5.93 

..  - e*A9A._„ 

^20.7j.8.5? 

310 

300*138 

0 

388*138 

62*717 

107*989 

27*067 

585,911 

J2tL  .. 

147.9HA 

n 

167. 2A6 

96.396 

63.022 

3.636 

288.136 

330 

766*168 

2*882 

767*030 

169*668 

183,671 

68*829  • 

1,129,018 

360 

. - 68*636  . . 

. 0. 

. 98*63.6.  .. 

23*888 

. 26,626 

5,  U.6 

J56j06.2 

330 

73*676 

0 

73*679 

36*336 

71,119 

17*681 

218,615 

.620  . 

33*667 

. 0. 

33*667_ 

. . 50,075  . 

. _60*3i9  . . 

2,25.6._ 

_ ..iA6,.35?. 

621 

3*606 

0 

3*906 

1*668 

3,267 

565 

9,366 

444.11ft 

A 

4S6oilfl 

1.687.716  . 

2.805.326 

109.390 

5.158.566 

TIO 

36*217 

0 

39,217 

266,896 

769,172 

15,017 

1*088,300 

.T30 

78. 

0 

78 

6 

0 . 

- 15.6 

760 

6,768 

0 

6,798 

3*791 

920 

65 

9,606 

770.  . 

. ..  .669 

. . 0.  . 

999. 

. . ,5*678—. 

„ ._a,836 

.-„.l*i)i8._. 

. -_6.,>6L 

010 

0 

0 

0 

16*510 

37,760 

6,302 

38,552 

TOTAia 

10*203*616 

6*782 

10,208,396 

7,336*226 

5,787,625 

793,106 

26,123,353 

Table  S-42  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  LOWER  MISSOURI  SUBBASIN,  IOWA  PORTION 


NON-lRRlCATEO 

IRRIGATED 

TOTAL 

PASTURE 

FOREST 

OTHER 

TOTAL 

4Bi: 

r.AnPi  AMO 

CROPl AMO 

CROPLAND 

fUNGF 

wDnni ANA 

AG  Li^fip 

AG  LAND 

ICZ^ 

. ™S2.9-_ 

0. 

.52.9. 

98 

0 

577 

106 

36,062 

0 

36,062 

3*980 

862 

1,711 

60,615 

J06_. 

66*096.  ..., 

- - 0..  - 

-66,096. 

19.098  _ 

675 

-8.8  ,.183. 

108 

11,535 

0 

11,535 

19,555 

1,931 

606 

33,627 

1?0 

10.02? 

A 

10.022 

190 

238 

262 

10.692 

122 

66,970 

0 

66,978 

7,356 

637 

3,605 

58,376 

126.  . 

.335*880.  . 

--  .0-  - 

335,888 

133*098 

lO.OjlO  ... 

18,5.10  -. 

_ - 697,556 

126 

135,123 

0 

135,123 

112*666 

17*890 

6,059 

269,538 

.138 

560 

. . .0 

5.60  . 

- -^0  . 

-0. 

5ii0 

166 

1,622 

0 

1 .22 

333 

239 

0 

2,196 

133 

30.730 

0 

30.730 

1.001 

0 

997 

32.728 

136 

51,313 

0 

51,513 

6,778 

1,625 

1,698 

61,216 

176-  . 

66..  - . 

- 0.  . 

96. 

.67-.- 

0 . 

..0 

163 

310 

2*050 

0 

2,050 

853 

1,890 

382 

5,175 

320 

73,069  . 

. 0 

73,069.  . 

73,85.7  - . 

-16,521— _. 

_B99.  - 

166,366 

330 

16,266 

0 

16,266 

10,823 

6,356 

1,097 

36,562 

A2A 

14.777 

0 

16.227 

?5.4ft4 

24.176 

2*057 

66.065 

621 

516 

0 

516 

236 

1,270 

0 

2,020 

.70S 

78*566 

.0. 

78,566  , 

173*378 

80,976.. 

. .6,-BOX- 

._  .337,113 

710 

373 

0 

373 

1*125 

0 

160 

1,638 

.770.-  - 

. - - --  .0.  . 

999  - 

. - - 5,678  - 

1.068 

9.361 

810 

0 

0 

0 

0 

95 

0 

95 

TOTALS 

910,796 

0 

910,796 

595*235 

166,863 

66,232 

1,717,126 

\J  Unadjusted  foi  projects  funded  for  construction. 


Table  S-43  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES.'  LOWER  MISSOURI  SUBBASIN,  KANSAS  PORTION 


MQM-lllllIGATEO 

IfUUr.ATEO 

r^npi  AMO 

TOTAL 

runpi 

PASTUitC 

FOREST 
ynnrt  amo 

OTHER 
AO  lANO 

TOTAL 
AG  LAND 

102.. 

51t241 ...  . 

-.107 

, 51,348  .. 

10.158 

_5,12« 

1,675.  . . 

72,309 

104 

232.672 

0 

23?. 672 

146,506 

11,612 

9,561 

398,169 

106 

172.S20 

0 

172,920 

72,722  . . 

14,.7-.U_., 

8,166 

288,699 

108 

1.459 

0 

1.499 

488 

103 

n 

2,163 

J20  . 

32.282 

0 

_ _.32»7.«2 

J2aflli. 

353 

L lt40t. 

66,052 

122 

198.861 

0 

198.861 

102,693 

9,403 

13,816 

326,773 

J.24  - 

Mb 

^ (L-  . 

265 

IG6 

5 

5 . 

381 

126 

76.817 

0 

76,817 

28,966 

3,555 

198,285 

136 

.6.498 

..  0 

6,49« 

1.691  _ 

?1B 

17 

8,626 

138 

94.658 

0 

96.658 

75,325 

8,055 

3,676 

181,512 

140 

2.4»55a« 

0. 

60.865 

20.668  ^ 

L U196._  _ 

87,640 

134 

29,346 

0 

..  . ..  - 
29,366 

10,355 

231 

6S7 

60,619 

156 

134,959 

0 

136,959 

71,806 

1,629 

3,516 

211,708 

158 

9,548 

0 

9,568 

12,615 

113 

160 

22,636 

310 

88,354 

0 

88,356 

30,711 

28,615 

1,957 

169,637 

320 

13.969 

0 

13,96) 

6.162 

11,639 

13 

29,563 

330  . 

. . 27.04X 

..  . 0 

. 27,067.  . 

. 5U6.9.  . 

5»14_? 

m 

38, 357 

350 

3.887 

0 

3,687 

161 

711 

61 

4,822 

420 

18.880 

0 

L6«8A0 

24*4^0 

35,073 

199 

78,662 

705 

45.815 

0 

65,815 

221,127 

26,690 

2,616 

296f046 

710 

2.408 

0 

2.608 

28,906 

36,800 

265 

66,659 

730 

78 

0 

78 

« 

68 

0 

156 

740 

,.4,M8„. 

. ..  0 . 

. 4^7Sa_..  . 

. ,3.79i  ..  „ 

92,0..  . 

95..  .. 

. . .^i404 

810 

0 

0 

0 

1,095 

2,665 

5,710 

9«490 

lOTAie 

.1,271,755 

107 

1,271,862 

986,060 

250,576 

59,013 

2,565,51) 

Table  S-44  - MAJOR  LAND  USE  OF  PRIVATE  AGRICULTURAL  LAND  BY  SOIL  RESOURCE  GROUPS, 
CURRENT  NORMAL  ACRES,'  LOWER  MISSOURI  SUBBASIN,  MISSOURI  PORTION 


NON- IRRIGATED 

IRRIGAThO 

TOTAL 

PASfUKt- 

FOREST 

OTHER 

TOTAL 

rRHPI  AND 

CROPLAMP_  _ 

CP.OPl  AND 

RANGl-  . 

hOOnLAND 

A.G  LAND  

AG  LANO 

.104 

LZ6f5S6 

134 

..  .176*690.- 

. „121,158  - . 

48,146  . . 

24,469 

370,46? 

106 

169,158  . 

0 

169,158 

108,786 

18,141 

6,095 

282,180 

j,oa 

18^707 

_ Q.  _ 

la.TOT, 

39,79.7  . 

9,069 

n 

67,573 

122 

767,632 

0 

767,632 

306,315 

30,866 

76,598 

1,181,391 

194 

Q 

2,5112  »23J 

1.676.096  ■ 

760.  379  . 

Jii,.99i 

__6j628,U4. 

126 

670,362 

0 

670,362 

566,010 

163,960 

bl,3ia 

1,761,630 

J36.... 

..  U7.626  - 

- JOT... 

117,931 

33,066 

61,669 

1,375 

193,799 

138 

85,698 

0 

85#49U 

29,256 

12,607 

6,492 

133,653 

340 

. . -238,662  . - 

. 0..-  - 

238,662. 

156,106 

65,311 

15,216 

655,293 

162 

322,169 

0 

322,169 

566,580 

699,766 

33,875 

1,602,390 

144 

AA4.ARA 

1.T5? 

»6«.040 

__  366.311 

765.127  ... 

28.386 

1.505.866 

156 

507,322 

0 

507,372 

95,169 

35,763 

27,600 

664,816 

211. 

18,960  - 

.0 

18,960. 

26,1-66 

9,327 

0 

52,613 

213 

11,150 

0 

11,150 

51,397 

36,002 

1,658 

98,207 

.217 

61,836  - 

0 

61,836 

72,988 

66,593 

8,444 

707,859 

310 

297,7.36 

0 

297,736 

31,153 

77,686 

26,  728 

631,099 

4>n  _ 

_ . 0 

6CU24A. 

■ 16.395 

15.06? 

— 2.522 

_ 96.227 

330 

700,855 

2,882 

703,737 

133,776 

172,173 

66,938 

1,056,126 

360 

98,636 

0 

98,636 

25,888 

26,626 

5,116 

156,06? 

350 

69,592 

0 

69,592 

56,175 

70,608 

17,618 

213,593 

.620  . 

560 

0 

560 

0 

1,130 

0, 

1,670 

621 

3,390 

0 

3,390 

1,612 

1,977 

565 

7,366 

411.73<» 

7.697.B60 

. -.i01,-96.9.- 

. -6.52.6.777 

710 

36,636 

- . 
0 

36,636 



236,863 

736,292 

14,612 

1,020,201 

810 

0 

0 

0 

13.615 

36,980 

.572. 

48,967 

TOTALS 

8,021,063  - 

6,675 

8,025,738 

. 5,754,923 

5,370,186 

689,361 

19,840,708 

1/  Unadjusted  for  projects  funded  for  construction. 
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Table  S-45  - SUMMARY  OF  LAND  CAPABILITY 


Soil  Pesc'Jsrcc  Group  SuRfc^r 

Colorado 

Kansas 

leva 

UPIAKCS  «iD  TERPACES 

102  De«p,  v«ll  ]%nd  aoierntely  well  drained* 

1-lL 

1>2L 

2C1 

2C1L 

2C2L 

1-H 

1-lH 

1-M 

2A21? 

wl-l 

icn 

sediuB  to  moderately  fine  textured 

2S1 

2E1L 

2£? 

2E2L 

2E3 

1-LM 

2C1K 

2C2M 

iri3 

ICltt 

2^I5 

soils.  Moderately  to  moderately  slowly 

2E3L 

2El*I. 

2E5v 

2S1L 

3C1 

?C3M 

2Cl*X 

permeable.  Bedrock  or  gravel  may  be 

3C1L 

3C? 

3C2L 

3E3 

3f?E 

Kin 

2E2M 

?Vi.» 

encountered  deep  within  profile. 

3E1.L 

3E5 

3E10 

3E12L 

3E13L 

3C1L 

3C2L 

Se.rly  level. 

3E1« 

3E1 

3S3L 

1.E10 

EEII 

bE2l 

ICb  Sar.e  as  above  except  gently  sloping. 

3E1 

3E5L 

3E^l'  ' 

3E11 

3ElliL 

2S1K 

2E1L 

2zm 

2Ea21 

2Ea!il 

2EcU 

3E15 

3E15L 

3E19 

isi 

l*E12 

2E2H 

2E3!*: 

2EtH 

2Ecl2 

2Scl3 

2Eel!. 

i.E23L 

liE25 

IE3T 

2EtK 

2E5K 

2EeH 

2Ecl5 

2Ecl6 

2E3H 

2Ete 

2E9K 

3E1L 

106  Saae  as  above  except  slopirg. 

i4E3 

t.E17 

uEsTT 

1E26L 

i>E27L 

3EiH 

3E6K 

3E6m 

3Ea2I 

3E.1.1 

3Ebl3 

<iE30 

1.E31 

1*E38 

I.E39 

3E7H 

3S8H 

3E9H 

3Ebl2 

3Ecll 

3Ecl2 

3E9M 

3S10.V. 

3E12H 

3Eci3 

3Eell 

3E«19 

3Ecl6 

3EL11 

108  Some  as  above  except  moderately  steep. 

Ce3F~ 

6E2L 

6E2L 

1.E5H 

I*E5K 

l*E»21 

l.Eal.1 

l-EcU 

lScl2 

tEcl3 

UZcl^ 

1 

no 

Gome  as  above  except  strep.  ^ 

! 

i 

i 

! 

1 

112 

Cecp,  well  drained  medium  textured  j 

soils.  Moderately  p-^raeable.  Calcareous.  I 

Wearlv  2*‘vel  to  sloping.  ' 

3E. 

l*E2 

faEfa 

i 

t 3E1M 
! faE5L 

1 

3B8K 

liE2L 

2EaC2 

3Sa?2 

Ufa 

Same  as- above  except  moderately  steep.  I 

' 1<E2M 

fa£9M 

I.ES22 

120 

Deep,  moderately  well  to  somewhat  j 

poorly  drained,  moderately  fine  to  i 

fine  textured  soils.  Moderately  to  j 

slowly  permeable  soils  with  firm 
to  very  firm* subsoils.  Nearly  level 
to  ger.tlv  eloping. 

1 

1 ! 
[ 

1 2S1H 
2S2M 

j 

2GLM 

2S2H 

1 

Ibl* 

2Wdll 

2wi.n 

lbl2 

2Wdl? 

2Vfe82 

2Ebll 

2Wd21 

222 

Same  abnve  except  gently  sloping* 

' 2E3H 
2E10M 
' 3E5H 

2E5K 

3E3H 

2E10H  , 
3B3.M  1 

2EdU 

2Edl2 

2£d21 

12fa 

Game  above  except  sloping. 

. 3S11H 

1 faE7H 

3E11M 

lESH 

Te3K  ; 
I*E10X  j 

3E4U 

3Ec21 

iSiii- 

3E412 

3&?22 

WfU... 

3Ed2l 

3Ee31 

226 

Came  as  above  except  sloping  to 
moderately  steep  Including  eroded 
rhai'c. 

i 

i >.E3H 
1 ‘.EllX 

I.E8M 

faEllH  j 
1 

lEdll 

I.F.21 

wm 

!.E412 

!<Ee22 

wm 

faSdSl 

faEe31 

i36 

.Moderately  deep,  well  to  somewhat 
poorly  drained,  mcdlia  to  moderately 
fine  textured  soils  overlying  sand 
a.nd  grav#*l  or  tedro'k.  Keorly  level. 

2E& 

3ETL 

3E1CL 

3Si*E 

3S9L 

liE9L 

1*E30L 

USIL 

■«snL 

2E71- 

3E9L 

3.E17 

3S5L 

3510D 

faEU 

faE3lI# 

faS8L 

faSlftl 

2S2L 

3E10 

3E17L 

3S6I. 

faCl 

faElfaL 

faB32L 

faS9D 

2S3L 

3S10L 

3E18 

3S7t 

ICll 

IE18 

tSlL 

I-S13L 

3E2  ! 

3EUI  ; 
3El8l, 
3S6L 
>•£5 

M;nt  1 

IS6I. 

j 2S5H 

[ 

f 

! 

1 

CGUl 

2S112 

2S121 

138 

Game  as  above  except  gently  sloping. 

1 

1*E3E 

IEI31 

faEfaL 

faE28L 

l*E5L 

1>E29L 

>,E10L 

■•E33I, 

faE22 

faE3faL 

r~  3E1H 
3EHH 
3E17H 

3K12H 

3E13:3 

3E2H 

3E13H  1 

3El!iM 
l*EfcM  1 

2E1U 

?F,m 

2Eil2 

2E121 

1!.0 

Some  as  above  except  sloping.  j 

1.E6L 

I‘E?8!, 

1*E7L 

^33 

I.E81. 

>•£351, 

I*E1U 

>,F3fct 

NE12L 

1 

3E5H 
; !<E10H 

! I.Ell,H 
i -EllM 

'3E5M 

IE12H 

lETX 

!-Eli.M 

l-EEIl  1 
>‘E13H  1 
!iEi2H  ; 
I.E15X  . 

3E111 

3EJU 

?Vei; 

3Eil2 

mi 

3Ei2l 

3Egll 

ifaa 

Sfuto  as  above  except  sloping  to  I 

moderately  steep.  I 

! 

lESii 

i 

i 

1 

1 

1 

lf412 

S.E121 

i,SJ12 

Will 

W.'ll 

I.FeH 

WliC 

i*EJ12 

Well 

iU" 

Deep,'  poorly  drained,  mMiun  to 
moderately  fine  textured  soils.  ! 

Moderate  slowly  perwable.  Includes  i 

moderately  deep  soils  over  bedroex  and/  ; 

or  gravel.  Nearly  l»*vel. 

i 

:vn3l 

rvmfal 

2Vr.3? 

Z---Z33 

150 

Deep  to  moderately  deep,  medium  textured  '■ 

soils  ov»»r  gravel  and  cand,  with  1 

fluctuating  water  table  primarily  due  1 

to  irrigation  water  application. 

Goaewhat  poorly  drained  or  seeped. 

Nearly  level  to  gently  sloping. 

1 

^'VIL 

3W21 

3V7L 

3W15.L 

3.VJE 

t-sm 

W.L 

i.wr-1. 

v.'Si, 

2W2L 

3'«31. 

3Wt 

3wni, 

3Pll 

W2E 

hm, 

••WU.I, 

3«a 

2W3E 

3W1.L 

3W101 

3W18L 

3FS7I, 

W3I, 

l«8l 

1.WJHE 

2Vl|L 

v-fL 

3el3L 

3W19D 

faCP'?. 

fawfai 

faWl3t 

faW20L 

3wir— 
3Wft 
3WUI. 
3W2ai.  1 
I.S29I.  i 

; 

W;vi,  i 

1 

I 

1 

[ 

j 

j 

, i 

i 
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Table  S-45  - (Continued) 


C-oil  S<?sourcc  (irouf  Sunbt'r  arid  Dt*s<’rlptIoft 

Colorado 

Kansas 

1 

1 

^ 1 

1 

i 

leva 

15? 

Deep,  roorly  drained,  aoderatvly  fine  | 

and  fine  textured,  aoderately  alov  to  j 

slcviy  perseable  soUs*  Kearly  lrvC'2. 

i 

[ 1 

15J 

Foorly  drained,  fine  textured,  Ri<^ly  [ 
perr-eabie  soils.  Inoiudes  seasonally  1 
vet  areas  due  to  seepage.  Level  to  j 
soderatelv  Pteen.  1 

?X5J- 
3«5L 
3W3«I, 
: iv?8L 

?W6!, 

3K30L 

3K37L 

1.H25L 

2Vli- 

3W311 

3K36l 

iV?h 

3V32L 

3W39L 

i'WlOl 

3W35L 

l’«7i. 

3W6K  : 

1 

?Wsbl 

L . 

151 

Deep  ploncsols  vith  fine  textured 
subsoUr  very  sloviy  to  slovly 
perseabXe.  Nearly  level. 

[ 3E15H  j 

1 Svsil 
Vrtall 

1 

1 

?ite21  2V7^P 
5-'s?l 

i^6 

Scae  as  above  except  gentiy  eloping.  , 

i 

i 

L - - 

i 

\ 

1 

158 

Planosolc  vith  thin  surface  anl  heavy  ' 

cloy  subsoil.  Nearly  level  to  g#-ntly  ’ 

slcnine.  1 

f 

3E18H 

ISJH 

2S3M 

jni 

isi-t  i 
IE® 

1 

160 

Deep  veil  drained  granular  clay  soils 
nearly  level  to  gently  sloping.  i 

3E1L 
: i.?i 

?E?L 

ts? 

3E2L 

IS21 

1 

1 

r i 

1 i 

16? 

Saae  att  166  above  except  sloping. 

I.E35 

Car.e  as  above  except  aoiuv.  ^Jy  steep. 

! 

S6H 

M''derateiy  d'-ep  I<^any  soils  vith 
Mlunnar  b ht^rizons  in  ccr.piex  vith 
deep  loany  soUj.  Nearly  level  to  i 

gently  sloping,  j 

i 

1 

i 

1 

1 

17? 

Deep  to  BoderatoJy  deep,  veil  to 

coaevhat  poorly  drained,  *«odcrately  , 

coarse  soils  overlying  sand  ar.d 

gravel  or  beirt^k,  nearly  level  to  i 

sloping,  ..  ...  ...  .....  1 

i 

1 1 

171 

Deep  noderately  veil  to  excessively  drained, ' 
coarse  textured  colls.  .Nearly  level  to 
sloping. 

1 

1 

1 3boH 
' 1*E1L 
i 

3E2< 

i.Ei'; 

Teih 

:.E3M 

' tSKl? 

176 

Deep  poorly  to  ?<wievhat  poorly  drained, 
noderatoly  coarse  to  coarse  textured 
soils  with  rapid  peraeablUty.  JJearly 
level. 

178 

i^allov  to  deep  voU  drained  coarse 
textured  soils  of  lov  aoj^ture  capacity  i 

and  rapid  per.vablllty;  lev*»l.  Includes 
stony  cobbly  soils. 

JE??L 
, ‘lELfaL 

♦rroi 

Uyh^l 

U^(il 

^EDSL 

3E^.^L 

'cin. 

LE« 

alC7t 

Lr.'v.i 

^E‘^81 

ifin 

Hto 

US*'*l 

3E«t 

3E51L 

c;8i, 

<.F?» 

I.E5Ht 

Ufi! 

3F5fL 

lt(2t 

t.L 

T5o" 

as  above  except  gently  sloping. 

?7: 

»>E6M 

?<we  as  above  except  3i‘'‘?lng.  i 

1 

J.H01 

' 

18:. 

Moderately  deep  joUy  vith  r.cderately  i 

coarse  ’V  horizons  and  clayey  cc*'w.aar  ^ 

hori/ons.  "early  level  »c  gen»iy 
flopirg. 

, 

\ 

188 

reejfj  fine  nar.2?  and  leojny  fij.e  oar.ds. 
Nearly  iev*jl  to  roJilng, 

1 

19J 

lv.(>p  vtii  draJi.-l  s-v.'i/  Xo/c  j 

nearly  l^v^l  t<.  gently  sloping.  j 

[ i^L 

^*•*1 
1 JF8 
f <1C7L 

&E1S 

i*rr8 

?C? 

?£5I, 

3K) 

jf?8l 

3E3TI 

1.FU. 

IF?^ 

3C3L 

>E1? 

UivU 

1*E7 

IfFLil* 

,'L«I 

JJt 

3F! ' 

3E1?L 

1*EU 

iF.-ft 

l«Ei.3l 

ISSl. 

<E7 

Uli 

••ir33L 

!.Ui* 

».F.'7 

>.Fl.*>I. 

r?3H 

3HM 

1 

i 

1 _ 

denm 

3Ert 

?E® 

3E3I. 

Cki.’l 

i 
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Table  S-45  - (Continued) 


t5ro-t  aril 


C^ry'  fi.%  ai-vce  190  except  alcpir^* 


<«e  as  above  15*0  except  steep. 


9b  Deep  cheppy  santis  an4  coarse  sands. 

Scarly  i«*vel  tc-  st^ep. 

~y.ci'^ni^iy^vvli  IraisedT  riedlua  to 
sederateiy  c:>ar.e  Vjcturi'd  o2il?.  fnailcv 
tc*  Irdrcck  and  cord  or  pravci,  Hourly 
lev#"X  to  slopirn?. 


3£19L  3E2lt  3CX1I.  3C): 

3C13L 


Ji3  •vil  ii*air»»d,  ncd'-rately  fine  to 
cod'^rat^-ly  ccan’e  textured  soils. 
Challcv  to  bedrock  or  sar.d  and  gravel. 

f^ping  to  c^teep.  

cl7'  V-^11  dralTed,’ shaiictf  Kdlco:  t»*xv-red 
.oil?  of  T5  d'-rat*-  to  n.'icraU'iy  lev 
eoisturv-hcJdlr.g  capacity.  '>ntiy 


..  t Vejy  *iLallcv  clay  soils  over  narine  ' i*BlL  tEl^L  ^£17L  tsi^L  bK19I.  ‘ 

shales.  i I.S1L  hsnt 

<•'31  O.-gar.lc  sells.  Agrieulturai  soils  when  j 

drained.  , | 

j 

i 

' 1 ' 3Vn5r”UW 

310  Deep  poorly  drained  fine  textured  .'lolis.  | 

Slowly  to  v^ry  rlovly  perneabl* . Lev»*l  j | 

to  r.*-arlv  level.  ^ 

aw3H  3S3K  3S3M 
3W3H 

j 2Vs*3? 

! CVni'l 

i 

fine  textured  soils.  Moderate  to 
aoderately  slovly  peraeablc.  Subject 
to  owrflcv.  level  to  nearly  level. 
r>»ep  and  aoieratoly  deep  veil  to  sc«^at 
poorly  dralr.ei,  a^diua  to  rxderaUi.v  fine 
t<»xtured  soils.  Moderate  to  coderato  sloviy 
p*rc.*'fibie.  Fine  textured  lover  horlson***  nay 
cc-'ur  througftout  lover  portion  of  profile. 
I/oyel  to  gently  sloping. 
t-fpf  ssoderateiy  coarse  to  coarse  textured 
soils  overlying  aoderatcly  coarn*  to 
aoierately  fine  textured  cubstraiw. 

Level  to  gently  sloping.  Moderately 

draired. . _ . 

f'e**p  w^il  drained  dears**  to  grawily  coll?. 

Ley< >1  to  gently  sloping.  

IDeep  loany  and  cand,v  oolls  vith  high 
vriter  table. 

* ep  o-'arce  soil?.  Mcderat»*ly  h4^.  vaVT 
»aM»*  r.r  '•'•'p-'d  by  Irrigation  valor. 


"ubjeoi  to  froi^uent  overflow 
'-‘r  i'O  s.'V'--r»-ly  diS''*'eo**d  oy  old  Rtrean 
'■*har.neu  at"  to  r.ako  cultivation  inf»'’aflMe, 


lall  lh\2  laU 
fEall  2Eal2  ^£al3 
3EaU 


**  ;n.v  jsu?  3Ejii 

1 


im'lM 


r^.*'r!y  lraln*‘1  sodorateiy  coarse  to  coarse  J 
texturei  soll.x  of  low  u very  low  solstur**-  * 
holding  capacity,  aodcrate  to  rapidly  | 

p'-rr-'-aU*'.  dropping  feaHitU-  with  conrl- 
d«rabl»'  rPk.  1 


;‘'2-Ng  AYiniArUNr:' 


l4*ep,  jcorly  drained  r**‘dl»r'.  to  fin 
te^»ur*'d,  D''3erat<.iy  eio'.j  to  clowly 
p-*rtcab^e  dcprcselor.al  ^oile. 

Occaci jnally  londM._  

Cx-o  above  ex-^rpt  frci^uently  pond**! 


f'r..-wha»  r^'^rly  drained*  Rod»’rately  | 
o'-tr-'"'  t*-y*jred,  cal-areouv?  or  r.on‘-aloareou'«| 
dh*  n anl  i'haUov  depression.’..  j 

!'rlerV‘*  ’ ■ rapid  p^-rr.e ability,  gcoasicnallyj 
*"  fr*  pi'  n*  ly  irr.l«  i.  j 


I aw?.M  Mh  i4wn. 

J iiWlM 


♦ t'rU*  (>w.'L  '"to’ 
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Table  S-4S  - (Continued) 


r<'il  Peso'ircc  Oroup  Xtnber  and  DtriicriptScn 


Colorado 


Xovft 


JALINE  AS!)  ALKALI  SOILS 


^ttoelands 

6J?  DcTp  poorly  drained  fine  texttired  aolls. 
Very  slovly  penwable.  Moderately  saline 
or  alkaline*  .Nearly  level.  _ _ _ ^ 

61^  Deep  and  moderately  deep.  Moderate  to~* 
r^ldly  peraeable,  aediuB  to  ccarae 
textured.  Hodera^^ly  saline  or  alkaline. 
Mearly  level  to  gently  tloplna. 

(il6  Deep  loa«y  or  clayey  aoUt.  Mearly  level. 

Moderately  aallne  or  alkaline.  _ 

619  Deep  loawy  or*riaj^y*’sblla“.  kearly 
level.  Severely  saline  or  alkaline. 


6sii 


! 

1 Tsph  iisa 

! ’fesir"  Tsis™' 

I 


••WOl 


Upltinda  * . 

020  Moderately  saline  or  alkaline. 

’Severely  saline  or  alkaline. 


■i 

t 


61:23  35LK  ISIH  ISIM 

I IS3M 

6Eili  *’6S2t  ’ ! 

! 


€2^  Strongly  solonlted.  Level  to  siopin(^. 




705  Deep  and  aoderately  dc*<p.  Includes 
very  stony  soils  on  identic  slopes. 


5S1 

6B3 

«£<• 

6E5 

6E9 

1 6KII1 

6E15 

£ei6 

fiE17 

6E?0 

6E?5 

6E35 

6E3L 

6S1 

(•  7E9 

mi 

7E?1 

n 

i 

\ 


6e1H 

6e1L 

6E1M 

6E.21 

iWf 

£e*>.: 

6E3H 

«E3E 

6E3K  I 

1 6Ecl» 

6Ecl2 

6Ecl3 

6EIK 

6ei>l 

6ElM 

fiEcll 

6E«15 

6Ecl5 

6E5H 

6E5M 

6E7H 

6Edll 

6Edl? 

(SEdEl 

6E9H 

6S3M 

7KM  1 

[ 6E.n 

6e«21 

6e.2? 

6E.31 

CEfll 

6F«U 

1 

i (Ein 

6Eil? 

$EU1 

6Ejn 

6EJ12 

7E.21 

7E<iJ? 

7E.31 

7E«ll 

7Ecll 

7Ecl3 

7Ecll* 

7Ecl5 

7Ec16 

7EdIl 

7Ed)2 

7E421 

7E.2J 

7Ee2E 

7E.31 

7EfU 

7E*n 

7EU1 

7E11? 

7E121 

7Srl2 

7EJU 

7E31? 

710  Shallow.  j 

i 

; 6E6  6E13  6F?1  7E3  7E11  | 

1 7Elli  7E22  7E23 

6e5h  6e£i.  JEm  I 

7E2H  7S1H  7S11. 

7SW  7!!2li  7S2L 

7E«  7Sl!. 

1 

7M  Verv  shallov.  1 

1 7El  7E7  7E13 

T30  SnnJy  and  noderatejy  nondy  soil,  j 

shallov  to  dcon.  Variable  slorcs.  1 

"TEl  te'  7E»0  7EI?  7t2S 

“ "fiE2H  0E2E 
7EIII  7E1L  7EW 

71*0  Clayey  soils,  shallow  to  deep.  Variable  ] 

slopes.  Includes  very  stony  soils  on  1 

j^cntle  slopes. 

Jet  Se5  5eI5  CrW  7e5 

I 7E17  7E16  7E?1* 

^CeBh  EsIM  7S3I- 
7S3K 

750  Mixed  oolis— 10  to  bo  percent  rock  or  1 

shale  outcrops.  j 

fBT~  71:19  7E20 

760  BhdlMido— 1*0  to  7>  percent  shsle  or 
rock  outcrop. 

1 _ _ 

770  Lands  destroyed  for  cultivation  because  | 

of  severe  gullying.  Gently  sloping  to  steep. 

1 8kS 

7STS 

810  Marsh  land,  rlverwash,  strip  pits  and 
mine  dumps,  rock  outcrops,  active  blow- 
outs, barren  and  salted  lands. 

7W>  8e3  8f.1  8E5  8e6 

8n  8E2  8e8 

8H 

TVqll  7Srll  7Sr20 

U For  conputer  data  processing  the  Konan  nuitfral  of  Che  land  capability  unttvaa  changed  to  an  arable 
nuaber  and  lover  case  letters  to  cspUsls.  For  cxsaple,  IIC«1  is  changed  to  2Cl. 


!lebruk«  Xo«  Dak.  I South  Dakota  Vycaing 


5SI-J 

6o0l 

6e02 

ff03 

6o0>* 

dco; 

(6«06)  6e07 

oeOS 

6e09 

6fllO 

6«15 

fcelu 

fc«17 

8cl8 

ocl? 

6e22 

6c23 

Cc25 

9<‘2fc 

6t'‘l 

6«29 

6fi'J 

f«30 

(cW 

6c33 

ieO. 

6«82 

9«53 

6e5> 

CS07 

Co08 

6S19 

6F26 

te28 

7'SH 

6c!i2 

7c02 

7<-03 

7«-0l. 

r«07 

7c08 

7-!09 

7cl0 

7«r. 

7eUi 

7el8 

7c20 

7e2c 

7<-/3 

7oCl> 

7-fJ5 

7c26 

'C27 

7o28 

7<"?9 

7c30 

7S15 

7Sf6 

7S?6 

7SiO 

7C!il 

7S!i2 

70l‘5 

7SI>6 

7S>*7 

7S58 

8S08 

^??37 

«s'i8 

W38 

bSi9 

to>i3 

tS5C> 

VFi? 

7E3'; 

7K3(' 

7K37 

7FI.3 

7S38 

7i'3-) 

7C.3 

7?l.‘. 

Table  S-46  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITHOUT  PLAN  IMPLEMENTATION.  CURRENT 
NORMAL  AND  ADJUSTED  CURRENT  NORMAL.  WITH  PROJECTIONS  FOR  1980.  2000.  AND  2020 

UPPER  MISSOURI  SUBBASIN 


Land  and 
Water  Use 

CuiienI 

Notmai 

Adjustment 

for 

Reaervoin 
Assumed 
in  Place 

Adjusted 

Cunent 

Normal 

Landlise 

Chanfe 

CN-1980 

Projected 

1980 

Base 

Land  Use 
Qiange 
1980-2000 

Projected 

2000 

Base 

UndUse 

Change 

200&2020 

Projected 

2020 

Agricultural  Land 

50.382 

0 

50,382 

n 

-41 

housand  Acr 

50.341 

es) 

-60 

50,281 

-85 

50,196 

Irrigated  Cropland 

( 953) 

( 0) 

( 953) 

( -3) 

( 950) 

( -3) 

( 947) 

I -1) 

( 946) 

Non-irrigalcd 

Cropland 

( 9,757) 

( 0) 

( 9.757) 

(-11) 

( 9.746) 

(-16) 

( 9.730) 

(-16) 

( 9.684) 

Pasture  & Range 

(25,522) 

( 0) 

(25.522) 

(-22) 

(25 ,50?“ 

(-37) 

(25.463) 

(-20) 

(25.443) 

Forest  & Woodland 

t 1.964) 

( 0) 

( 1.964) 

( -4) 

( 1.960) 

( -3) 

( 1.957) 

(-17) 

( 1.940) 

Other  Ag.  Land 

( 254) 

•.  0) 

( 254) 

( -1) 

( 253) 

( -1) 

( 252) 

( -1) 

( 251) 

Federal  Ag.  Land 

(11.932) 

( 0) 

(11.932) 

( 0) 

(11.932) 

( 0) 

(11.932) 

( 0) 

(11.932) 

Miscellaneous 

( 0> 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

Recreation 

519 

0 

519 

0 

519 

0 

519 

0 

519 

Fish  & Wildlife 

142 

0 

142 

0 

142 

0 

142 

0 

142 

Other’ 

1,250 

0 

1.250 

+41 

1.291 

+60 

1.35 1 

+85 

1.436 

Water 

670 

0 

670 

0 

670 

0 

670 

0 

670 

Total 

52.%3 

• • 

52,963 

-- 

52.963 

-- 

52.963 

-- 

52.963 

I Includes  land  used  for  Iransporlalion,  urban,  built-up,  mineral,  military,  and  agricultural  land  destroyed  by  gully  erosion. 


Table  S-47  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITHOUT  PLAN  IMPLEMENTATION.  CURRENT 
NORMAL  AND  ADJUSTED  CURRENT  NORMAL.  WITH  PROJECTIONS  FOR  1980,  2000,  AND  2020 

YELLOWSTONE  SUBBASIN 


Land  and 
Water  Use 

Current 

Normal 

Adju.stment 

for 

Reservoirs 
Assumed 
In  Place 

Adjusted 

Current 

Normal 

Land  Use 
Change 
CN-1980 

Projected 

1980 

Base 

Land  Use 
Change 
1980-2000 

Projected 

2000 

Base 

Land  Use 
Oiange 
2000-2020 

Projected 

2020 

Base 

Agricultural  Land 

43.152 

0 

43,152 

( 

-68 

thousand  Ac 
43.084 

res) 

-114 

42,970 

-176 

42.794 

Irrigated  Cropland 

( 1.031) 

( 0) 

( 1,031) 

(-10) 

( 1.021) 

( -16) 

( 1.005) 

( 46) 

( 959) 

Non-Irrigated 

Cropland 

( 2.343) 

( 0) 

( 2,343) 

( -8) 

( 2.335) 

( -30) 

( 2.305) 

1 -15) 

( 2,290) 

PastuicA  Range 

(24,333) 

( 0) 

(24.333) 

(-48) 

(24.285) 

( -6.3) 

(24,222) 

(-101) 

(24.121) 

Forest  &.  Woodland 

( 1,550) 

( 0) 

( 1.550) 

( -2) 

( 1.548) 

( -5) 

( 1.54.3) 

( -13) 

( 1.5.30) 

Other  Ag.  Land 

( 91) 

( 0) 

( 91) 

( 0) 

( 91) 

( 0) 

( 91) 

( -1) 

( 90) 

Federal  Ag.  Land 

(13.804) 

( 0) 

(13.804) 

( 0) 

(13.804) 

( 0) 

(13.804) 

( 0) 

(13.804) 

Miscellaucous 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

Recreation 

1.408 

0 

1,408 

0 

1,408 

0 

1.408 

0 

1,408 

Fish  & Wildlife 

31 

0 

31 

0 

31 

0 

.31 

0 

31 

Other’ 

264 

0 

264 

+68 

332 

+1 14 

446 

+ 176 

622 

Water 

345 

0 

345 

_ 0 

.345 

0 

345 

0 

345 

Total 

45,200 

-- 

45.200 

.. 

45.200 

. . 

45.200 

. . 

45.200 

I Includes  land  used  Tor  tr:msporlalion,  urban,  built-up,  mineral,  military,  and  agricultural  land  destroyed  by  gully  erosion. 


S-42 


Table  S-48  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITHOUT  PLAN  IMPLEMENTATION.  CURRENT 
NORMAL  AND  ADJUSTED  CURRENT  NORMAL,  WITH  PROJECTIONS  FOR  1980, 2000,  AND  2020 

WESTERN  DAKOTA  SUBBASIN 


Land  and 
Water  Use 

Current 

Normal 

Adjustment 

for 

Reservoirs 
Assumed 
In  Place 

Adjusted 

Current 

Normal 

Land  Use 
Change 
CN-1980 

Projected 

1980 

Base 

Land  Use 
Change 
1980-2000 

IVi^ted 

2000 

Base 

Land  Use 
Change 
2000-2020 

Projected 

2020 

Base 

Agricultural  Land 

47.2H9 

0 

47.289 

( 

48 

Thousand  Ac 
47.241 

■es) 

-77 

47.164 

-109 

47.055 

Irrigated  Cropland 

{ 198) 

( 0) 

( 198) 

( 0) 

( 198) 

( -2) 

( 196) 

( -2) 

( 194) 

Non-irrigatc<l 

Cropland 

( 9.097) 

( 0) 

( 9.097) 

(-12) 

( 9.085) 

(-13) 

( 9,072) 

( -23) 

( 9.(M9) 

Pasture  & Range 

(31.6/7) 

< 0) 

(31.677) 

(-31) 

(31.646) 

(-52) 

(31.594) 

( -73) 

(31.521) 

I'orcst  & Woodland 

( 977) 

( 0) 

( 977) 

( 4) 

( 973) 

( -7) 

( 966) 

( -6) 

( %0) 

Other  Ag.  Land 

( 209) 

( 0) 

( 209) 

( -1) 

( 208) 

( -3) 

( 205) 

( -5) 

( 200) 

I'edcral  Ag.  Land 

( 5.131) 

( 0) 

( 5.131) 

( 0) 

( 5.131) 

( 0) 

( 5.131) 

( 0) 

( 5.I3I) 

Miscellaneous 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

Recreation 

334 

0 

334 

0 

334 

0 

334 

0 

334 

Fish  & Wildlife 

92 

0 

92 

0 

92 

0 

92 

0 

92 

Other* 

1.169 

0 

I.I69 

+48 

1.217 

+77 

1.294 

+109 

1.403 

Water 

472 

0 

472 

0 

472 

0 

472 

0 

472 

Total 

49.356 

. . 

49.356 

.. 

49.356 

V * 

49.356 

. . 

49.356 

I Include!!  land  used  for  transp<Klation,  urban,  built-up,  mineral,  military,  and  agricultural  land  destroyed  by  gully  erosion. 


Table  S-49  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITHOUT  PLAN  IMPLEMENTATION,  CURRENT 
NORMAL  AND  ADJUSTED  CURRENT  NORMAL,  WITH  PROJECTIONS  FOR  1980, 2000,  AND  2020 

EASTERN  DAKOTA  SUBBASIN 


Land  and 
Water  Use 

Cunent 

Normal 

Adjustment 

for 

Reservoirs 
Assumed 
In  Place 

Adjusted 

Current 

Normal 

Land  Use 
Change 
CN-1980 

Projected 

1980 

Base 

Land  U.se 
Change 
1980-2000 

I’rojectcd 

2000 

Base 

Land  Use 
Change 
2000-2020 

Projected 

2020 

Base 

Agricultural  Land 

34.399 

0 

34.399 

( 

-76 

Thousand  Ac 
34.323 

es) 

-1.36 

34.187 

-184 

34.003 

Irrigated  Cropland 

( 119) 

( 0) 

( 119) 

( -1) 

( 118) 

( -1) 

( 117) 

( -2) 

( 115) 

Non-irrigated 

(^upland 

(20.889) 

( 0) 

(20.889) 

(-51) 

(20.838) 

( -98) 

(20  740) 

(-143) 

(20,597) 

Pasture  & Range 

(I2,.547) 

( 0) 

(12.547) 

(-22) 

(12,525) 

{ -33) 

(ll492) 

( -32) 

(12.460) 

I'orcst  & Woodland 

( 211) 

( 0) 

( 211) 

( -1) 

( 210) 

( -1) 

( 209) 

( -2) 

( 207) 

Other  Ag.  Land 

( 594) 

( 0) 

( 594) 

( -1) 

( 593) 

( -3) 

( 590) 

( -5) 

( 585) 

Federal  Ag.  Land 

( 39) 

( 0) 

( 39) 

( 0) 

( 39) 

( 0) 

( 39) 

( 0) 

( 39) 

Miscellaneous 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

Kecrealioii 

38 

0 

38 

0 

38 

0 

38 

0 

38 

Fish  & Wildlife 

162 

0 

162 

0 

162 

0 

162 

0 

162 

Other* 

1.802 

0 

1.802 

+76 

1,878 

+136 

2.014 

+ 184 

2,198 

Water 

902 

0 

902 

0 

902 

0 

902 

0 

902 

T’otal 

37.303 

37.303 

.. 

37.303 

• • 

37.303 

37.303 

I Includes  land  used  for  transportation,  urban,  built-up,  mineral,  military,  and  agricultural  land  destroyed  by  gully  erosion. 


Table  S-50  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITHOUT  PLAN  IMPLEMENTATION,  CURRENT 
NORMAL  AND  ADJUSTED  CURRENT  NORMAL.  WITH  PROJECTIONS  FOR  I960, 2000,  AND  2020 

PLATTE-NIOBRARA  SUBBASIN 


Land  and 
Water  Uk 

Cttnent 

NormM 

Adjuaiment 

for 

Rcaervoira 
Ataimed 
In  Place 

Adjusted 

Current 

Normal 

Land  Use 
Chanfe 
CNI980 

Projected 

1980 

Base 

Land  Use 
Change 
1980-2000 

Projected 

2000 

Base 

Land  Use 
Change 
2000-2020 

Projected 

2020 

Base 

Agricultural  Land 

60.7«7 

-6 

60,781 

(1 

-245 

fhousand  Aci 

60.536 

*s) 

-463 

60.073 

-736 

59.337 

Irrigated  Cropland 

( 2.784) 

( 0) 

( 2.784) 

( -37) 

( 2.747) 

( -76) 

1 2.671) 

(-125) 

( 2.546) 

Non-irrigated 

Cropland 

(12.850) 

( 0) 

(12.850) 

( -90) 

(12.760) 

(-169) 

(12.591) 

(-266) 

(12.325) 

Pasture  & Range 

(35.147) 

( -6) 

(35.141) 

(-109) 

(35.032) 

(-192) 

(34.840) 

(-280) 

(34.560) 

Forest  & Woodland 

( 1.936) 

( 0) 

( 1.936) 

( -6) 

( 1.930) 

( -20) 

( 1.910) 

( -50) 

( 1.860) 

Other  Ag.  Land 

( 621) 

( 0) 

( 621) 

< -3) 

( 618) 

( -6) 

( 612) 

( -15) 

( 597) 

Federal  Ag.  Land 

( 7,449) 

( 0) 

( 7.449) 

( 0) 

( 7.449) 

( 0) 

( 7.449) 

( 0) 

( 7.449) 

Miscellaneous 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

( 0) 

Recreation 

377 

0 

377 

0 

377 

0 

377 

0 

377 

Fish  & Wildlife 

220 

0 

220 

0 

220 

0 

220 

0 

220 

Other' 

1.637 

0 

1.637 

+245 

1.882 

+463 

2.345 

+736 

3.081 

Water 

654 

'*•6 

660 

0 

660 

0 

660 

0_ 

660 

Total 

63.675 

-- 

63,675 

-- 

63,675 

-• 

63.675 

•• 

63.675 

I Includes  land  used  for  iransportalion,  urban,  built-up,  mineral,  military,  and  agricultural  land  destroyed  by  gully  erosion. 


Table  S-51  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITHOUT  PLAN  IMPLEMENTATION,  CURRENT 
NORMAL  AND  ADJUSTED  CURRENT  NORMAL.  WITH  PROJECTIONS  FOR  1980, 2000,  AND  2020 

MIDDLE  MISSOURI  SUBBASIN 


Land  and 
Water  Use 

Current 

Normal 

Adjustment 

for 

Reservoirs 
Assumed 
In  Place 

Adjusted 

Current 

Normal 

Land  Use 
Change 
CN-1980 

— 

Projected 

1980 

Base 

Land  Use 
Change 
1980-2000 

I^ojected 

2000 

Base 

Land  Use 
Change 
2000-2020 

Projected 

2020 

Base 

Agricultural  Land 

14,901 

0 

14.901 

(1 

•164 

housand  Act 
14.737 

es) 

-325 

14.412 

•411 

14.001 

Irrigated  Cropland 

( 103) 

( 0) 

( 103) 

( -2) 

( 101) 

( -1) 

( 100) 

( -2) 

( 98) 

Non-irrigated 

Cropland 

(11.116) 

( 0) 

(11.116) 

(-127) 

(10.989) 

(-286) 

(10.703) 

(-355) 

(10.348) 

Pasture  & Range 

( 2.485) 

( 0) 

( 2.485) 

( -23) 

( 2.462) 

( -22) 

( 2.440) 

( -20) 

( 2.420) 

Forest  & Woodland 

( 631) 

( 0) 

( 631) 

( -7) 

( 624) 

( -9) 

( 615) 

( -13) 

( 612) 

Other  Ag.  Land 

( 447) 

( 0) 

( 447) 

( -5) 

( 442) 

( -7) 

( 434) 

( -21) 

( 413) 

Federal  Ag.  Land 

( 1) 

( 0) 

( 1) 

( 0) 

( 1) 

( 0) 

( 1) 

( 0) 

( 1) 

Miscellaneous 

( 118) 

( 0) 

( 118) 

( 0) 

( 118) 

( 0) 

( 118) 

( 0) 

( 118) 

Recreation 

37 

0 

37 

0 

37 

0 

37 

0 

37 

Fish  & Wildlife 

25 

0 

25 

0 

25 

0 

25 

0 

25 

Other* 

608 

0 

608 

+164 

772 

+325 

1.097 

+411 

1.508 

Water 

174 

0 

174 

0 

174 

0 

174 

0 

174 

Total 

15.745 

-- 

15,745 

•• 

15.745 

15.745 

15.745 

• Includes  land  used  for  transport.'ition,  urban,  built-up,  mineral,  military,  ami  agricultural  land  destroyed  by  gully  erosion. 
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Table  S-52  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITHOUT  PLAN  IMPLEMENTATION,  CURRENT 
NORMAL  AND  ADJUSTED  CURRENT  NORMAL.  WITH  PROJECTIONS  FOR  1980, 2000,  AND  2020 

KANSAS  SUBBASIN 


Land  and 
_ Water  Use 

Current 

Normal 

Adjustment 

for 

Reservoirs 
Assumed 
In  Place 

Adjusted 

Current 

Normal 

UndUsc 

Change 

CN-1980 

Projected 

1980 

Base 

Land  Use 
Change 
1980-2000 

Projected 

2000 

Base 

Land  Use 
Change 
2000-2020 

Projected 

2020 

Base 

Agricultural  Land 

37.182 

-97 

37,085 

a 

-93 

housand  Ac 
36.992 

es) 

-171 

36.821 

-233 

36.588 

Irrigated  Cropland 

( 1.703) 

( -3) 

( 1.700) 

( -3) 

( 1.697) 

( -2) 

( 1.695) 

( -5) 

( 1.690) 

Nun-irtigated 

Cropland 

<20.638) 

(-51) 

(20.587) 

(-49) 

(20.538) 

(-124) 

(20.414) 

(-174) 

(20.240) 

Pasture  & Range 

(13.619) 

(-30) 

(13.589) 

(-29) 

(13.560) 

( -39) 

(13.521) 

( -41) 

(13.480) 

Forest  & Woodland 

( 597) 

( -9) 

( 588) 

< -8) 

( 580) 

( -1) 

( 579) 

( -9) 

( .570) 

Other  Ag.  Land 

( 552) 

( -4) 

( 548) 

( -4) 

( 544) 

( -5) 

( 499) 

( -4) 

( 495) 

Federal  Ag.  l,and 

( 69) 

( 0) 

( 69) 

( 0) 

( 69) 

( 0) 

( 69) 

{ 0) 

( 69) 

Miscellaneous 

( 4) 

( 0) 

( 4) 

( 0) 

( 4) 

( 0) 

( 4) 

( 0) 

( 4) 

Recreation 

36 

0 

36 

0 

36 

0 

36 

0 

36 

Fish  & Wildlife 

15 

0 

15 

0 

15 

0 

15 

0 

15 

Other' 

1.307 

0 

1.307 

+93 

1.400 

+171 

1.571 

+233 

1.804 

Water 

3.36 

t97 

433 

0 

433 

0 

433 

0 

433 

Total 

38.876 

■ - 

38.876 

-• 

38.876 

-- 

38.876 

-- 

38.876 

I Includes  land  used  for  transportation,  urban,  built-up.  mineral,  military,  and  aitrieullural  land  destroyed  by  yiilly  erosion. 


Table  S-53  - CHANGES  IN  LAND  USE  AND  LAND  BASE  WITHOUT  PLAN  IMPLEMENTATION,  CURRENT 
NORMAL  AND  ADJUSTED  CURRENT  NORMAL,  WITH  PROJECTIONS  FOR  1980,  2000,  AND  2020 

LOWER  MISSOURI  SUBBASIN 


Land  and 
Water  Use 

Current 

Normal 

Adjustment 

for 

Reservoirs 
Assumed 
In  Place 

Adjusted 

Current 

Normal 

Land  U.se 
Change 
CN-1980 

Projected 

1980 

Base 

Land  Use 
Change 
1980-2000 

Projected 

2000 

Base 

Land  Use 
Change 
2000-2020 

Projected 

2020 

Base 

Agricultural  Land 

•267 

24.033 

(T 

•287 

housand  Ac 
23.746 

res) 

•588 

23.158 

-909 

22,249 

Irrigated  Cropland 

( 5) 

( 0) 

< 5) 

( 0) 

( 5) 

( 5) 

( 0) 

( 5) 

Non-irrigated 

Cropland 

(10.203) 

(•143) 

(10,060) 

(-154) 

( 9.906) 

(-369) 

( 9.537) 

(-440) 

( 9.097) 

Pasture  & Range 

( 7.334) 

( -58) 

( 7.276) 

( -64) 

( 7.212) 

( -Ofi) 

( 7.116) 

(-275) 

( 6.841) 

Forest  & Woodl.'iml 

( 5.788) 

( 5,728) 

( -62) 

( 5.666) 

( -97) 

( 5.569) 

(-1.38) 

( 5.431) 

Other  Ag.  Land 

( 793) 

( -6) 

t 787) 

( -7) 

( 780) 

( -26) 

( 7.54) 

( -56) 

( 698) 

Federal  Ag.  Land 

( 177) 

( 0) 

( 177) 

( 0) 

( 177) 

( 0) 

t 177) 

( 0) 

( 177) 

Miscellaneous 

( 0) 

( 0) 

( 0) 

( 0) 

t 0) 

( 0) 

( 0) 

( 0) 

( 0) 

Recreation 

65 

0 

65 

0 

65 

0 

65 

0 

65 

Fish  & Wildlife 

51 

0 

51 

0 

51 

0 

51 

0 

51 

Other' 

708 

0 

708 

^287 

995 

♦58 

1.583 

•1909 

2.492 

Water 

266 

+267 

533 

0 

533 

II 

533 

0 

5.33 

Total 

25.390 

25.390 

•• 

25.390 

-■ 

25.390 

.. 

25.390 

S-iS 


i Includes  land  used  for  ir.inspociation,  urban,  built-up.  miiier.d.  milil.iry,  ami  ai',ticullur.il  land  desiross-d  l>>  yuily  erosion. 


Table  S-54  - AGRICULTURAL  LAND  USE  BY  CAPABILITY  CLASSES  AND  SUBCLASSES 

UPPER  MISSOURI  SUBBASIN 


Laiid  Cipabilily 
CbnetaiHi 
SubdasMt 

UPH 

Foicft 

and 

Woodland 

Other  Ag. 
Land 

Total 

I' 

— 

— 

(Thouiand  Ac 

w) 

— 

II 

1,906 

739 

28 

26 

2.699 

E 

1,S44 

523 

18 

19 

2.104 

W 

16 

9 

1 

0 

26 

S 

307 

51 

8 

7 

373 

C 

39 

156 

1 

... 

196 

III 

6,780 

4.746 

61 

84 

11.671 

E 

5,143 

3,744 

31 

61 

8,979 

W 

63 

265 

2 

1 

331 

S 

1,574 

737 

28 

22 

2.361 

C 

— 

— 

— 

— 

... 

IV 

1,367 

2,963 

50 

20 

4.400 

E 

666 

986 

37 

5 

1.694 

w 

21 

52 

... 

0 

73 

s 

680 

1.925 

13 

15 

2,633 

c 

— 

... 

... 

... 

. - . 

V 

1 

200 

27 

2 

230 

E 

« * • 

... 

... 

... 

... 

W 

1 

200 

23 

2 

226 

S 

... 

... 

4 

... 

4 

C 

••• 

... 

... 

• • • 

... 

VI 

625 

13,668 

971 

45 

15,309 

E 

... 

50 

1 

... 

51 

W 

10 

216 

1 

J 

228 

S 

615 

13.402 

969 

44 

15,030 

C 

... 

... 

... 

... 

... 

VII 

31 

3.149 

803 

4 

3.987 

E 

2 

1,603 

675 

4 

2,284 

W 

... 

... 

... 

... 

... 

S 

29 

1,546 

128 

... 

1.703 

C 

• - ■ 

— 

... 

■ ' • 

... 

VIII 

57 

24 

73 

154 

E 

... 

... 

... 

... 

... 

W 

. . . 

... 

... 

1 

1 

S 

... 

57 

24 

72 

153 

C 

... 

... 

... 

... 

... 

Subtotal  by 
Subclasses 

NP' 

— 

— 

— 

— 

... 

E 

7,355 

6,906 

762 

89 

15.112 

W 

III 

742 

27 

5 

885 

S 

3,205 

17,718 

1,174 

160 

22.257 

C 

39 

156 

1 

... 

196 

Total  Land 

Capability  Classes 

10,710 

25,522 

1.964 

254 

38,450 

i Uind  Capability  Class  I lands  have  few  timitatinns  for  agricultural  use. 
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Table  S-54  (Continued)  - YELLOWSTONE  SUBBASIN 


Land  CapabiKly 
Cbsaetand 
Subdasaes 

CropUnd 

Pasture 

and 

Range 

Forest 

and 

Woodland 

Other  Af. 
Land 

Total 

1' 

127 

11 

(Thousand  Act 

1 

es) 

3 

142 

II 

725 

400 

29 

10 

1.164 

Iv 

577 

321 

24 

6 

928 

W 

18 

4 

1 

1 

24 

S 

104 

58 

4 

3 

169 

c 

26 

17 

... 

... 

43 

III 

1.53 1 

1,890 

24 

19 

3.464 

I- 

U50 

1.473 

15 

11 

2.649 

w 

63 

23 

3 

I 

s 

318 

394 

6 

1 

719 

c 

... 

... 

... 

6 

6 

IV 

720 

2.220 

36 

13 

2,989 

H 

282 

1.429 

15 

6 

1.732 

W 

2 

5 

■ > • 

1 

8 

S 

414 

643 

15 

5 

1.077 

C 

22 

143 

6 

1 

172 

V 

7 

54 

4 

1 

66 

Iv 

» • • 

... 

• • • 

... 

... 

W 

7 

37 

4 

1 

49 

S 

--- 

17 

... 

17 

C 

... 

... 

... 

. - - 

VI 

241 

11,168 

557 

20 

11.986 

Iv 

28 

2.783 

126 

6 

2.943 

W 

20 

191 

37 

1 

249 

S 

193 

8.193 

394 

12 

8,792 

C 

... 

1 

... 

1 

2 

VII 

21 

6.955 

776 

4 

7.756 

F, 

... 

1,249 

302 

I 

1,552 

W 

- - - 

... 

... 

... 

... 

S 

21 

5.706 

474 

3 

6,204 

C 

— 

— 

. . - 

■ • • 

- • • 

VIII 

2 

1,635 

123 

21 

1,781 

F 

— 

236 

54 

— 

390 

W 

— 

19 

... 

1 

20 

S 

2 

1.380 

68 

20 

1,470 

C 

— 

— 

1 

— 

1 

Subtotal  by 
Subclasses 

NP> 

127 

11 

1 

3 

142 

E 

2.037 

7.491 

536 

W 

lie 

279 

45 

S 

1,052 

16.391 

961 

C 

48 

161 

7 

Total  Land 

Capability  Classes 

3,374 

24.333 

1,550 

91 

29.348 

) Land  Capability  Claiis  I lands  have  few  limitations  for  agricultural  use. 
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1 l< 

(llMMUMd  Aom) 

32 

— 

... 

... 

32 

II 

1,410 

641 

77 

9 

2,137 

E 

339 

152 

29 

2 

522 

W 

30 

75 

5 

1 

III 

S 

99 

71 

1 

1 

172 

c 

942 

343 

42 

5 

1,332 

III 

4,821 

3,403 

58 

34 

8,316 

E 

3,025 

1,775 

45 

18 

4,863 

W 

34 

129 

3 

— 

166 

S 

1,346 

1,050 

8 

10 

2,414 

C 

416 

449 

2 

6 

873 

IV 

1,925 

5,866 

53 

23 

7,867 

: E 

833 

2,070 

32 

8 

2,943 

w 

10 

105 

10 

I 

126 

s 

1,072 

3.532 

11 

12 

4,627 

C 

10 

159 

... 

2 

171 

V 

24 

560 

57 

3 

644 

E 

• • • 

• • • 

... 

m m » 

• • • 

W 

9 

393 

33 

I 

436 

S 

15 

167 

24 

2 

208 

C 

... 

... 

... 

... 

— 

VI 

956 

13,123 

144 

16 

14,239 

E 

519 

6,704 

91 

12 

7,326 

W 

2 

12 

1 

• • • 

15 

s 

435 

6,407 

52 

4 

6,898 

c 

... 

... 

... 

... 

... 

VII 

127 

8,039 

583 

40 

8,789 

E 

28 

3,693 

100 

32 

3,853 

W 

I 

37 

— 

— 

38 

S 

98 

4,309 

483 

8 

4,898 

C 

... 

... 

... 

... 

— 

VIll 

45 

5 

84 

134 

E 

40 

3 

30 

73 

W 

1 

2 

> • • 

3 

S 

4 

... 

54 

58 

C 

... 

• « « 

... 

• ■ ■ 

Subtotal  by 
Subclasses 

' NP> 

32 

— 

• » • 

... 

32 

E 

4,744 

14,434 

300 

102 

19,580 

W 

86 

752 

54 

3 

895 

S 

3,065 

15,540 

579 

91 

19,275 

1..  . 

1,368 

951 

44 



2,376 

1 Total  Land 

i)  Capability  Classes 

9,295 

31,677 

977 

209 

I Land  Capability  Class  I lands  have  few  limilatinna  for  agricultural  use. 
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Table  S-54  (Continued)  - PLATTE-NIOBRARA  SUBBASIN 


Land  Capability 
Classes  and 
Subclasses 

Cropland 

Future 

and 

Range 

Forest 

and 

Woodland 

Other  Ag. 
Land 

Tout 

l‘ 

1,314 

86 

(Tbouund  Act 
6 

ics) 

33 

1.439 

II 

4,168 

959 

71 

149 

5.347 

E 

2,899 

419 

35 

102 

3.455 

W 

398 

436 

27 

6 

867 

S 

178 

4 

— 

2 

184 

C 

693 

100 

9 

39 

841 

III 

5,207 

2,338 

102 

149 

7,796 

E 

4,405 

1. 7 14 

64 

135 

6,318 

W 

212 

409 

28 

3 

652 

S 

221 

76 

6 

3 

306 

C 

369 

139 

4 

8 

520 

IV 

3,326 

4.320 

97 

60 

7,803 

E 

2,604 

3,559 

65 

49 

6,277 

W 

32 

89 

9 

1 

131 

S 

178 

203 

16 

5 

402 

c 

512 

469 

1 

7 

5 

993 

V 

13 

249 

20 

1 

283 

E 

• mm 

... 

. . . 

... 

. . - 

W 

13 

248 

20 

1 

282 

S 

. . . 

1 

... 

. . . 

1 

C 

... 

... 

... 

. . . 

VI 

1,325 

10,497 

384 

56 

12,262 

E 

1,111 

8,980 

215 

48 

10,354 

W 

35 

225 

33 

2 

295 

S 

170 

1,223 

108 

(> 

1,507 

C 

9 

69 

28 

... 

106 

VII 

278 

16,409 

927 

45 

17,659 

E 

206 

11.666 

503 

25 

12,400 

W 

15 

8 

... 

... 

23 

S 

57 

4.734 

423 

20 

5,234 

C 

... 

1 

1 

... 

2 

VIII 

3 

289 

329 

128 

749 

E 

... 

194 

211 

102 

507 

W 

2 

79 

118 

17 

217 

S 

16 

... 

9 

25 

C 

... 

..  . 

... 

. . - 

. . - 

Subtotal  by 
Subclasses 

NPl 

1.314 

86 

6 

33 

1,439 

E 

11,225 

26.352 

1.093 

461 

39,311 

W 

708 

1,494 

235 

30 

2,467 

S 

804 

6,257 

553 

45 

7.659 

C 

1,583 

778 

49 

52 

2,462 

Total  Land 

53,338 

Capability  Classes 

15,634 

35,147 

1,936 

621 

^Laml  Capability  Class  I lands  have  few  limitations  for  agricultural  use. 
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Table  S-54  (Continued)  - MIDDLE  MISSOURI  SUBBASIN 


Land  Capability 
Classes  and 
Subclasses 

Cropland 

Pasture 

and 

Range 

Forest 

and 

Woodland 

Other  Ag. 
Land 

Total 

1' 

1.091 

113 

(Thousand  Act 

55 

«s) 

40 

1.299 

II 

3.803 

613 

73 

153 

4.642 

I- 

2.397 

227 

25 

118 

2.767 

W 

1.264 

372 

46 

30 

1.712 

S 

119 

10 

1 

4 

134 

c 

23 

4 

1 

1 

29 

III 

4.727 

680 

95 

166 

5.668 

E 

4.094 

586 

59 

127 

4.866 

w 

483 

78 

32 

30 

623 

s 

69 

8 

1 

6 

84 

c 

81 

8 

3 

3 

95 

IV 

1.171 

339 

55 

36 

1.601 

E 

1.128 

324 

55 

35 

1.542 

W 

35 

11 

. . . 

1 

47 

S 

8 

4 

... 

... 

12 

C 

... 

... 

..  . 

. . . 

• • * 

V 

41 

103 

9 

9 

162 

E 

1 

... 

. . . 

... 

1 

W 

40 

103 

9 

9 

161 

S 

— 

— 

... 

... 

... 

C 

- . . 

... 

- . . 

... 

... 

VI 

314 

451 

165 

21 

951 

E 

292 

374 

95 

17 

778 

W 

16 

61 

68 

4 

149 

S 

6 

16 

2 

. . . 

24 

C 

... 

... 

... 

. . - 

VII 

72 

185 

174 

20 

451 

E 

(.0 

136 

138 

13 

347 

W 

- - . 

. . . 

... 

. . . 

... 

S 

12 

49 

36 

7 

104 

c 

... 

— 

. - , 

— 

. . - 

VIII 

... 

1 

5 

2 

8 

V 

• . . 

... 

... 

... 

. . . 

w 

... 

1 

5 

2 

8 

s 

• • • 

... 

... 

. . . 

. . . 

c 

... 

... 

... 

. . . 

... 

Subtotal  by 
Subcla^'>cs 

NPl 

1.091 

113 

55 

40 

1,299 

I- 

7.972 

1.647 

.372 

310 

10.301 

W 

1.838 

626 

160 

76 

2.700 

S 

214 

87 

40 

17 

358 

(■ 

104 

12 

4 

4 

124 

Total  Laiul 

Capability  Classes 

11.219 

2.485 

631 

447 

14.782 

Capabilily  Cla>»  I laiul<  haw  few  limilations  for  agricultural  u^t:. 
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Table  S-54  (Continued)  - KANSAS  SUBBASIN 


Land  Capabiliiy 

Rutare 

Classes  and 

and 

Siibciasaes 

Ctoplaad 

Ran^ 

I* 

1,331 

241 

11 

6.620 

729 

E 

3.906 

370 

W 

328 

108 

S 

288 

35 

C 

2,098 

216 

111 

9,233 

2,437 

E 

8,142 

2.185 

W 

241 

57 

s 

118 

48 

c 

732 

147 

IV 

2,676 

1,626 

E 

2,404 

1,409 

W 

29 

34 

s 

10 

61 

c 

233 

122 

V 

3 

17 

E 

... 

... 

W 

3 

17 

S 

... 

... 

C 

... 

... 

VI 

2,320 

6,534 

E 

2,256 

6,300 

W 

43 

162 

S 

21 

72 

C 

. . . 

... 

VII 

157 

2,029 

E 

110 

1,458 

W 

21 

22 

S 

26 

549 

C 

... 

... 

VIII 

1 

6 

E 

— 

— 

W 

1 

S 

— 

— 

C 

— 

— 

Subtotal  by 
Subclasses 

NPi/ 

1,331 

241 

E 

16,818 
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i 

13.654 

3,561 

273.668 

I Land  Capability  Class  I lands  have  few  limitations  for  agricultural  use. 
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CHAPTER  1 


INTRODUCTION 


PURPOSE 

Hydrology,  the  science  wliicli  treats  of  water,  its 
properties,  plienomena,  and  distribution,  must  be  a basic 
consideration  in  development  of  any  plan  for  water  and 
related  land  resources  development.  It  becomes  of 
especial  significance  in  the  Missouri  River  Basin  because 
of  tile  basin’s  large  size  and  tiic  great  variation  in 
Iiydrologic  cliaracteristics  encountered  in  tliis  large  area. 

This  appendix  has  been  prepared  as  part  of  the 
Report  on  the  Comprehensive  Framework  Study  for  the 
Missouri  River  Basin.  It  describes  the  hydrologic  studies 
undertaken  for  framework  planning,  and  it  summarizes 
the  results  of  those  studies. 

SCOPE 

The  Comprehensive  Framework  Study  for  the  Mis- 
souri River  Basin  involves  an  evaluation  of  the  basin’s 
current  (1 970)  physical,  economic,  and  water  and 
related  land  resources  development;  projections  of  eco- 
nomic development  to  years  1 980, 2000,  and  2020;  and 
an  evaluation,  for  each  of  these  three  future  years,  of  the 
needs  and  development  opportunities  associated  with 
water  and  related  land  resources.  It  involves  also  the 
formulation  of  framework  plans  for  water  and  related 
land  resources  development  in  1 980,  2000,  and  2020, 
each  designed  for  optimum  satisfaction  of  then-existing 
needs  and  for  optimum  realization  of  then-existing 
development  opportunities. 

The  hydrologic  studies  involved  primarily  the  deter- 
mination of  the  quantity,  quality,  and  location  of  both 
the  surface-water  supply  and  the  ground-water  supply  of 
the  Missouri  River  Basin  under  several  conditions  of 
water  and  related  land  resources  development.  Analyses 
were  made  on  the  basis  of  historical  water  use  and  avail- 
ability, and  on  the  basis  of  water  and  related  resources 
development  as  it  can  be  foreseen  for  1970.  Finally, 
framework  plans  as  initially  developed  for  1980.  2000. 
and  2020  were  analyzed  to  determine  their  effects  on 


the  available  water  supply,  from  the  standpoint  of  both 
quantity  and  quality,  and  to  insure  consistency  of  final 
plans  with  the  available  water  supply  and  with  estab- 
lished standaids  of  water  quality. 

Hydrologic  data  as  assembled  are  voluminous,  and  the 
analyses  performed  are  numerous  and  varied.  It  is  not 
practicable  to  present  all  of  this  material  in  detail  in  this 
appendix.  Summaries  of  data  are  in  cnoug'  detail  for  an 
understanding  of  the  Missouii  River  Basin’s  hydrology; 
analyses  are  described  in  enough  detail  to  permit 
understanding  of  the  procedures  used;  and  the  results  of 
these  analyses  arc  summarized. 

Hydrologic  data  asscmoled-  and  analyses  performed 
are  presented  in  detail  in  a 'lerics  of  working  papers 
which  have  not  been  incorporated  in  the  appendix. 
Working  papers  prepared  in  connection  with  the  hy- 
drologic studies  arc  listed  in  table  I. 

The  reliability  of  hydrologic  analyses  is  particularly 
sensitive  to  the  adequacy  of  basic  data  available. 
.Accordingly,  an  evaluation  has  been  made  of  existing 
data  collection  programs,  needs  for  expansion  of  tliese 
have  been  defined,  and  needs  for  research  in  connection 
with  collection  and  use  of  hydrologic  data  have  been 
determined.  Data  collection  and  research  needs,  in 
connection  with  hydrology  as  well  as  other  purposes,  are 
summarized  in  the  Comprehensive  Framework  Study 
report. 
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Table  1 - LIST  OF  WORKING  PAPERS  PREPARED  BY  THE  HYDROLOGIC  WORK  GROUP 


Selected  Climatic  Maps 

Multi-Annual  Prccipitation  Probabilitics  for  Each  of  Eiglit  Subbasins,  the  Total  Missouri  River  Basin,  and  the  Basin  Above  ^ City 
(9  volumes) 

Precipitation  Probabilities.  Levels,  and  Durations,  Missouri  River  Basin.  1 , 2, 4,  and  8 Weeks. 

Snow  Survey  and  Soil  Moisture  Data 

Infiltration  Data,  Missouri  River  Basin 

Evaporation  Estimates,  Missouri  River  Basin 

Analysis  of  Freeze-Thaw  Dates,  Missouri  River  Basin  Streams 

Sedimentation,  Eight  Subbasins  (8  volumes) 

Streamflow  Characteristics,  Eight  Subbasins  and  the  Missouri  River  Main  Stein  (9  volumes) 

Generalized  Streamflow  Probabilities,  High  Flows  for  Eiglit  Subbasins,  the  High  Altitude  Snow  Region  and  the  Plains  Snow  Region 
(10  volumes) 

High-Flow  Volume-Frequency  Curves  for  Eight  Subbasins  and  tlie  Missouri  River  Main  Stem  (9  volumes) 

Low-Flow  Volume-Frequency  Curves,  Lower  Missouri  River  Tributaries 
Generalized  Estimates  of  Mean  Annual  Runoff  in  Inches  (Map) 

Monthly  Streamflow  Tables  and  Depletion  Estimates  for  Eiglit  Subbasins  and  the  Missouri  River  .Main  Stem,  1 970  Level  (9  volumes) 

Map  of  General  Av.iilability  of  Ground  Water  and  Depth  to  Water  Level  in  the  Missouri  River  Basin 
Ground-Water  in  the  Missouri  River  Basin  (12  maps  with  associated  tc.xt) 

Selected  Bibliography.  Ground-Water  Hydrology 

Quality  Characteristics  of  Streams  in  the  Missouri  River  Basin 
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CHAPTER  2 


BASIN  DESCRIPTION 


The  Missouri  River  Basin  has  an  area  of  529,300' 
square  miles,  including  about  9,700  square  miles  in 
Canada.  That  part  within  the  United  States  includes  all 
of  the  state  of  Nebraska  and  parts  of  the  slates  of 
Montana,  Wyoming,  North  Dakota.  South  Dakota, 
Minnesota,  Colorado,  Iowa,  Kansas,  and  Missouri. 

The  basin  is  entirely  within  the  continental  interior, 
everywhere  at  a substantial  distance  from  any  seacoast 
and  from  any  major  source  of  atmospheric  moisture.  It 
extends  over  a substantial  range  of  both  latitude  and 
longitude,  from  about  37°  to  about  50°  north  latitude 
and  from  about  90°  to  about  1 14°  west  longitude.  The 
basin  size  and  its  great  expanse  are  both  major  factors  in 
its  varied  hydrologic  characteristics. 

PHYSIOGRAPHY 

The  Missouri  River  Basin  extends  into  three  major 
physiographic  divisions  - the  Interior  Highlands,  the 
interior  Plains,  and  the  Rocky  Mountain  System.  The 
basin’s  physiography,  accordingly,  exhibits  a great  deal 
of  variety,  in  both  physiographic  features  and  the  effect 
of  these  features  on  the  basin’s  hydrology. 

In  the  extreme  southeastern  part  of  the  basin,  in 
southeastern  Missouri,  a comparatively  small  part  lies  in 
the  Ozark  Plateaus  province  of  the  Interior  Highlands. 
Characteristic  of  submalure  to  mature  plateaus,  this  is  an 
area  of  rugged  ridges  and  valleys. 

The  greatest  part  of  the  basin,  by  far,  lies  in  the 
Interior  Plains  Division.  The  Central  Lowlands  province 
of  this  division  includes  an  area  of  old  scarjicd  plains 
with  well  entrenched  main  streams  in  cast-central  Kansas 
and  southwestern  Missouri;  an  aica  of  .submaturcly  to 
maturely  dissected  till  plains  in  northeastern  Kansas, 
northern  Missouri,  southern  and  western  Iowa,  and 
extreme  eastern  Nebraska;  and  a young  glaciated  plains 
area  of  moraines,  lakes,  and  lacustrine  plains  in  eastern 
South  Dakota,  eastern  and  noith-ccntral  North  Dakota, 
and  southwestern  Minnesota. 

The  Great  Plains  province  of  the  Interior  Plains 
includes  a submaturely  to  ntaturely  dissected  plateau  in 

iiicliidos  about  6,300  square  miles  in  the  Kcd  Desert 
closed  b.asiii  area  and  oilier  noncontributing  areas  iie.ir  Hie 
basin  divide. 


central  Kansas  and  a small  part  of  south-central 
Nebraska;  an  area  of  broad  intervalley  fluvial-plain 
remnants  in  northwestern  Kansas,  extreme  northeastern 
Colorado,  extreme  southeastern  Wyoming,  and  most  of 
Nebraska;  a late-mature  to  old  elevated  plain  in  part  of 
northeastern  Colorado;  an  area  of  maturely  dissected 
domed  mountains  in  the  Black  Hills  area  of  south- 
western South  Dakota  and  northeastern  Wyoming;  an 
area  of  unglaciated  old  plateaus,  terrace  lands,  local 
badlands,  and  isolated  mountains  in  northwestern  South 
Dakota,  southeastern  and  south-central  Montana,  and 
extreme  southwestern  North  Dakota;  and  an  area  of 
glaciated  old  plateaus  and  isolated  mountains  in  north- 
eastern Montana  and  northwestern  and  south-central 
North  Dakota. 

The  rest  of  the  Missouri  River  Basin,  along  its  western 
edge,  is  within  the  Rocky  Mountain  System.  North- 
central  Colorado  and  part  of  southeastern  Wyoming  lie 
in  the  Southern  Rocky  Mountains  province.  Part  of 
northwestern  Wyoming  lies  in  the  Middle  Rocky  Moun- 
tains province.  Both  are  areas  of  complex  mountains  and 
intermontane  basins.  Western  Montana  lies  in  the 
Northern  Rocky  Mountains  province,  an  area  of  deeply 
dissected  mountain  uplands  and  intermontane  basins. 
South-central  Wyoming  and  part  of  northwestern  Colo- 
rado lie  in  the  Wyoming  Basin  province,  an  area  of 
elevated  plains  in  various  stages  of  erosion,  with  isolated 
low  mountains. 

Major  physiographic  divisions,  provinces,  sections, 
and  subsections  within  the  Missouri  River  Basin  are 
depicted  in  figure  2. 

TOPOGRAPHY 

Most  of  the  Missouri  River  Basin  is  plains  country,  a 
large  part  of  it  originally  grassland.  Gently  undulating  in 
places  and  elsewhere  table-like  over  great  distances,  the 
plains  stretch  neatly  800  miles  from  the  Canadian  border 
to  the  southern  margin  of  the  basin,  and  from  the  Rocky 
Mountains  eastward  to  the  Mississippi  River.  Ileic  and 
there  the  plains  are  interrupted  by  ribbons  of  hill  lands 
which  have  been  dissected  along  the  valleys  of  the  major 
streams. 
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of  the  state  of  Nebraska  and  parts  of  the  states  of 
Montana,  Wyoming,  North  Dakota,  South  Dakota, 
Minnesota,  Colorado,  Iowa,  Kansas,  and  Missouri. 
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extends  over  a substantial  range  of  both  latitude  and 
longitude,  from  about  37°  to  about  50°  north  latitude 
and  from  about  90°  to  about  1 14°  west  longitude.  The 
basin  size  and  its  great  expanse  are  both  major  factors  in 
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physiographic  divisions  - the  Interior  Higiiiands,  the 
interior  Plains,  and  the  Rocky  Mountain  System.  The 
basin’s  physiography,  accordingly,  exhibits  a great  deal 
of  variety,  in  both  physiographic  features  and  the  effect 
of  these  features  on  the  basin’s  liydrology. 

In  the  extreme  southeastern  part  of  the  basin,  in 
southeastern  Missouri,  a comparatively  small  part  lies  in 
tlie  Ozark  Plateaus  province  of  tltc  Interior  Highlands. 
Characteristic  of  submaturc  to  mature  plateaus,  this  is  an 
area  of  rugged  ridges  and  valleys. 

The  greatest  part  of  the  basin,  by  far,  lies  in  the 
Interior  Plains  Division.  The  Central  Lowlands  province 
of  this  division  includes  an  area  of  old  scar|)cd  plains 
with  well  entrenched  main  streams  in  east-central  Kansas 
and  southwestern  Missouri;  an  area  of  submaturely  to 
maturely  dissected  till  plains  in  northeastern  Kansas, 
nortiiern  Missouri,  southern  and  western  Iowa,  and 
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South  Dakota,  eastern  and  north-central  North  Dakota, 
and  southwestern  Minnesota. 
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includes  a submaturely  to  maturely  dissected  plateau  in 

*This  incliidi'S  about  6,300  square  miles  in  tlic  Kcd  Desert 
closed  basin  area  and  otber  nmicontribiiling  areas  near  ilie 
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western South  Dakota  and  northeastern  Wyoming;  an 
area  of  unglaciated  old  plateaus,  terrace  lands,  local 
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The  rest  of  the  Missouri  River  Basin,  along  its  western 
edge,  is  within  the  Rocky  Mountain  System.  North- 
central  Colorado  and  part  of  southeastern  Wyoming  lie 
in  the  Southern  Rocky  Mountains  province.  Part  of 
northwestern  Wyoming  lies  in  the  Middle  Rocky  Moun- 
tains province.  Both  arc  areas  of  complex  mountains  and 
intermontane  basins.  Western  Montana  lies  in  tlie 
Northern  Rocky  Mountains  province,  an  area  of  deeply 
dissected  mountain  uplands  and  intermontane  basins. 
South-central  Wyoming  and  part  of  northwestern  Colo- 
rado lie  in  the  Wyoming  Basin  province,  an  area  of 
elevated  plains  in  various  stages  of  erosion,  with  isolated 
low  mountains. 

Major  physiographic  divisions,  provinces,  sections, 
and  subsections  within  the  Missouri  Rivet  Basin  are 
depicted  in  figure  2. 

TOPOGRAPHY 

Most  of  the  Missouri  River  Basin  is  plains  country,  a 
large  part  of  it  originally  grassland.  Gently  undulating  in 
places  and  elsewhere  table-like  over  great  distances,  the 
plains  stretch  nearly  800  miles  from  the  Canadian  border 
to  the  southern  margin  of  the  basin,  and  from  the  Rocky 
Mountains  eastward  to  the  Mississippi  River.  Here  and 
there  the  plains  are  interrupted  by  ribbons  of  hill  lands 
which  have  been  dissected  along  the  valleys  of  the  major 
streams. 
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Severiil  areas  witliiii  the  basin  are  notably  diffeient, 
among  tliem  the  Rocky  Mountains,  the  Big  Horn 
Mountains,  tlie  Sand  Hills  of  nortli-ccntral  Nebraska,  and 
tlic  Black  Hills  of  southwestern  South  Dakota  and 
nortlieastern  Wyoming.  Tlie  Rocky  Mountains  dermitcly 
terminate  the  plains  everywhere  along  the  western  side 
of  tiie  basin.  Many  peaks  and  ridges  here  appioach 
14,000  feet  above  sea  level  in  elevation.  Even  these 
major  mountain  ranges,  however,  are  dwarfed  by  the 
great  size  of  the  plains  area  to  the  cast. 

Some  of  the  major  topographic  features  of  the 
Missouri  River  Basin  are  sliown  in  figure  2. 


GEOLOGY 

Rocks  of  igneous,  metamorpliic,  and  sedimentary 
origin  constitute  the  geologic  framework  of  the  Missouri 
Basin.  Tlie  basin’s  geologic  history  is  reflected  in  its 
stream  patterns,  its  soils,  and  its  ground-water  reservoirs. 
Also  significant  hydrologicaliy  are  the  relationsliips  of 
geology  to  the  chemical  ciualily  of  both  surface  water 
and  ground  water  and  to  the  sediment  content  of  surface 
waters. 

Rocks  of  pre-l’aleozoic  age,  older  than  570  million 
years,  underlie  tlie  entire  basin.  The  aggregate  area  of 
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iheir  outcrop,  however,  even  including  an  area  in  Soutli 
Dakota  where  they  are  mantled  by  a thin  veneer  of 
glacial  deposits,  is  only  about  21,000  square  miles, 
slightly  less  than  4 percent  of  the  basin  area.  The 
outcrops,  which  occur  in  South  Dakota.  Colorado, 
Wyoming,  and  parts  of  Montana,  consist  of  igneous  and 
metamorphic  rocks  crisscrossed  by  dikes.  Granite,  gneiss, 
schist,  and  quarUite  arc  the  most  common  rock  types. 
Relatively  little  is  known  about  the  pre-Faleuzoic  rocks 
where  tltey  are  deeply  buried,  since  e.vpioratory  drilling 
for  oil  or  water  ordinarily  is  terminated  before  or  when 
these  rocks,  commonly  referred  to  us  the  basement 
complex,  are  reached.  Locations  of  outcrops  of  pre- 
Paleozoic  age  ate  shown  on  plate  I . 

Rocks  of  Paleozoic  age,  formed  between  570  million 
and  225  million  years  ago,  underlie  about  87  percent  of 
the  basin.  In  addition  to  cropping  out  on  the  flanks  of 
nearly  all  the  exposed  uplifts  of  pre-Paleozoic  rocks  in 
the  western  part  of  the  basin,  the  also  crop  out 
extensively  in  the  southeastern  part  of  the  basin.  The 
total  area  of  Paleozoic  rock  outcrops  is  estimated  at 
74,200  square  miles,  about  14  percent  of  the  total  basin 
area.  About  87  percent  of  the  total  otitcrop  is  within  an 
area  comprised  of  northeastern  Kansas,  southeastern 
Nebraska,  southwestern  Iowa,  and  all  of  Missouri  within 
the  basin.  The  maximum  thickness  of  Paleozoic  rocks 
here  probably  does  not  exceed  5,000  feet.  The  extent  of 
Paleozoic  rocks  and  their  outcrops  also  arc  shown  on 
■plate  1. 

Consisting  principally  of  dolomite,  limestone,  shale, 
and  sandstone,  most  of  the  Paleozoic  rocks  were 
deposited  in  a succession  of  shallow  marine  environ- 
ments. Dolomite  and  dolomitic  slialc  arc  tlic  pre- 
dominant rock  types  in  the  lower  part  of  the  sequence 
but  are  relatively  uncommon  in  tlie  upper  part.  Lime- 
stone and  calcareous  slialc  arc  common  tliroughout  all 
but  tlic  uppermost  part  of  tlic  sequence,  which  is 
cliaractcrizcd  by  an  abundance  of  redbeds,  composed  of 
slialc  and  sandstone  depo.sitcd  m an  arid  environment, 
and  evaporites.  Sandstone  is  a minor  rock  type  in  the 
lower  part  of  tlie  sequence  but  is  mucli  more  common  in 
the  upper  part. 

Rocks  of  Mesozoic  age,  deposited  or  formed  between 
225  million  and  65  million  years  ago,  arc  present 
evcrywlicre  m the  basin  except  wlicre  prc-Paleozoic  or 
Paleozoic  rocks  are  c.\poscd.  Tlicir  areal  c tent  is  .about 
S."?  percent  of  tlic  total  basin  area.  Tlie  outcrop  of 
Mesozoic  rocks  lias  an  area  of  about  251,000  square 
miles,  or  about  48  percent  of  tlic  total  basin  area,  llieir 
greatest  development  is  m south  central  Wjoinitig,  where 
their  tliickncss  exceeds  12.000  feet.  Tlie  extent  of 
Mesozoic  rocks  in  tlie  basin  is  depicted  on  plate  2.  On 
tins  plate,  tlie  Meso/oic  rocks  are  sliown  as  buried  where 
they  are  overlain  by  rock  of  Tertiary  age  but  as 
outcioppmg  wiiere  tliey  are  i.i.mtled  b>  unconsolidated 
deposits  of  Quatertiary  age. 


Unlike  the  Paleozoic  rocks,  those  of  Mesozoic  age 
include  no  dolomite  and  iittic  litncstone.  They  do 
include  some  redbeds,  liowevcr.  in  the  lower  part  of  the 
sequence.  Much  of  the  sequence  consists  of  shale,  shaly 
sandstone,  and  sandstone  deposited  mostly  in  a inaritie. 
but  some  in  a continental,  cnviroimiciit.  Limestone  and 
chalk  occur  only  in  the  upper  part  of  the  sequence  and 
are  limited  to  the  eastern  and  southern  parts  of  the 
overall  areal  extent  of  Mesozoic  rocks. 

Rocks  of  Tertiary  age.  deposited  or  formed  between 
65  million  and  2 million  to  3 million  years  ago.  have  an 
areal  extent  of  about  182.000  .square  iiiiics  in  tlie 
Missouri  River  Basin,  equivalent  to  about  34  [lerccnt  of 
the  basin  area.  Included  are  about  8.300  square  miles  of 
rock  formed  fioiii  magma  extruded  during  Tertiary  time. 
The  extent  of  Tertiary  rocks  in  the  basin  is  depicted  on 
plate  3. 

Virtually  all  of  tlic  Tertiary  sedimentary  rocks  were 
deposited  in  a continental  environmeni,  the  only  excep- 
tion being  some  marine  beds  in  the  lowermost  part  of 
the  sequence  in  western  Nortli  Dakota.  lixcept  for  some 
thin  fresh-water  limestones  and  a few  wide.sprcad  de- 
posits of  lignite,  the  entire  sedimentary  sequence  con- 
sists of  shale,  sandy  shale,  sandstone,  clay,  silt,  and  sand. 

Last  of  the  mountainous  part  of  the  basin,  the 
Tertiary  depo.sits  form  an  extensive  sheet:  and  where  tlie 
youngest  of  the  Tertiary  stratigraphic  units,  the  Ogallala 
Formation,  remains  intact,  its  upper  surface  is  referred 
to  as  the  High  Plains.  Within  the  iiiountainotis  region. 
Tertiary  deposits  constitute  a major  part  of  tlie  fill 
occupying  the  internionlaiie  basins.  The  greatest  thick- 
nc,sses  of  Tcrtiaiy  rocks  are  in  locations  near  to  tiie 
iiiountainous  sources  of  the  sediments. 

Rocks  of  Quaternary  age.  deposited  during  the  last 
2 million  to  3 million  years,  consist  principally  of  uii- 
coiisolidatcd  glacial  deposits,  mostly  till,  outwasli,  and 
lakcbcds;  fluviatilc  deposits,  including  terrace  deposits 
and  stream  alluvium:  and  cohaii  deposits,  including  dune 
sand  and  loess.  The  fluviatilc  and  eoliaii  deposits  are  tlie 
youngest  of  tlie  Quaternary  rocks.  The  areal  distribution 
of  the  several  types  of  Quaternary  deposits  is  sliown  on 
plate  4. 

Glacial  till,  a lietciogcneous  mixture  of  rock  debris 
transported  by  expanding  ice  sheets  and  deposited  when 
those  ice  sheets  melted,  mantles  tlie  oklei  consolidated 
and  semiconsulidated  locks  throughout  an  area  of  about 
161,000  square  miles  along  the  north  and  cast  sides  of 
the  basin.  Associated  with  tlie  till  are  bodies  of  oiilwash 
and  lakcbcds.  Some  of  these  are  buried  by  or  are 
included  within  the  till  mass,  while  others  rest  u|i  oi  arc 
adjacent  to  tiie  till  mass. 

The  fluviatile  deposits  are  of  particular  miportaiice  to 
the  water-suppl>  situation  in  tlie  Missouri  River  Basin. 
Most  have  a high  capacity  to  store  water,  and  in  addition 
to  serving  as  resenoirs  tliat  are  tapped  by  tens  of 
thousands  of  wells,  they  provide  temporary  storage  for 
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flood  flows  and  they  inaintain  the  flow  of  many  streams 
during  periods  of  no  overland  runoff.  The  largest 
accumulation  of  fluviatile  deposits  is  in  south-central 
Nebraska.  Since  these  deposits  extend  westward  an 
unknown  distance  beneath  the  Sand  Hills,  their  areal 
e.xtent  is  somewhat  greater  than  shown  on  plate  4.  Other 
fluviatile  deposits  are  much  less  extensive,  but  they  are 
widely  distributed  since  they  underlie  the  flood  plain 
and  adjacent  terraces  along  most  of  the  important 
drainageways  in  the  basin. 

Eolian  deposits,  dune  sand  and  loess,  form  a sHtficial 
mantle  on  older  rocks  throughout  a large  area  in  the 
southeastern  and  southern  parts  of  the  basin.  The  largest 
area  of  dune  sand,  about  20,000  square  miles  in  extent, 
is  in  north-cetitral  Nebraska.  The  principal  smaller  areas, 
having  a combined  extent  of  about  4,500  square  miles, 
are  in  southwestern  Nebraska  and  northeastern  Colo- 
rado. Loess  mantles  the  older  rocks  throughout  an  area  3 
to  4 times  larger  than  the  total  sand  area.  Accumulations 
greater  than  30  feet  thick,  more  than  60  feet  thick  in 
some  places,  are  present  throughout  three  large  areas. 
One  of  these  is  a broad  band  extending  from  Thomas 
County,  Kansas,  northeastward  to  Cuming  County, 
Nebraska.  The  otliers,  10  to  20  miles  wide,  border  both 
sides  of  the  Missouri  River  valley  from  the  vicinity  of 
Sioux  City,  la„  to  about  St.  Joseph,  Mo.  Elsewhere,  the 
thickness  ranges  from  30  feet  to  less  than  I foot. 
Although  generally  .suitable  for  grazing  cattle  and, 
suitable  in  some  places  for  growing  hay,  the  sand-dune 
areas  contain  little  land  suitable  for  cultivation.  Loessial 
soils,  on  the  other  hand,  ordinarily  arc  ideal  for  growing 
crops. 

STREAMS 


The  Missouri  River  rises  along  the  Continental  Divide 
in  the  northern  Rocky  Mountains  and  flows  generally 
easterly  and  southeasterly  to  join  the  Mississippi  River 
near  St.  Louis.  Mo.  It  is  the  longest  river  in  the  United 
States,  flowing  2,315  miles  from  its  source,  the  head- 
waters of  the  Red  Rock  River  in  Montana,  to  its 
junction  with  the  Mississippi  River. 


The  headwaters  of  the  Missouri  River  and  of  its 
largest  tributaries,  the  Yellowstone  and  Platte  rivers  lie 
among  snow-clad  peaks  reaching  up  to  nearly  14.000 
feet  above  sea  level  along  the  Continental  Divide.  The 
headwaters  streams  lose  elevation  rapidly  in  their  upper 
reaches,  dropping  to  elevations  some  10,000  feet  lower 
than  those  of  their  sources  before  they  leave  the 
headwaters  stales  of  Colorado.  Wyoming,  and  Montana. 
Slopes  are  much  flatter  in  the  long  reaches  across  the 
plains  states,  but  the  Missouri  River  at  its  mouth  is  only 
about  400  feet  above  sea  level. 

Wide  variations  in  seasonal  flow  characterize  the 
Missouri  River.  The  winter  season  is  a period  of  low 
flow.  From  December  to  February,  ice  may  cover  the 
river  as  far  south  as  Kansas  City,-  Mo.  Serious  ice  jams 
and  resultant  flooding  may  occur  with  breakup  of  the 
ice  cover. 

Spring  thaws  greatly  increase  stream  discharges.  A 
typical  rise  on  the  Missouri  River  during  late  March  or 
April  is  caused  by  melting  of  the  snow  cover  over  the 
plains  area.  This  rise  sometimes  results  in  major  flows 
and  resultant  flood  damage.  A rise  which  is  generally 
lower  in  peak  flow  but  greater  in  volume  is  usually 
experienced  in  June  when  snowmelt  from  the  higher 
plateaus  and  mountains  may  combine  with  runoff  from 
prolonged  spring  rainfall  in  the  lower  basin.  This  is  the 
usual  period  of  maximuin  flow  of  tributaries,  such  as  the 
Yellowstone  River,  which  are  fed  primarily  by  mountain 
snowmelt. 

Following  the  June  rise,  low  flows  usually  prevail 
during  the  late  summer  and  early  autumn,  interrupted 
by  rises  caused  by  occasional  heavy  rains  in  the  lower 
basin. 

Strcainflow  characteristics  in  the  Missouri  River 
Basin,  however,  defy  generalization.  This  is  due  to  the 
range  of  climatological,  topographic,  and  other  factors 
that  control  strcainflow  in  this  large  and  diverse  region. 
Streams  that  drain  the  mountain  areas  are  generally 
productive  and  relatively  stable.  The  most  highly  vari- 
able streams  arc  those  that  originate  in  southeastern 
North  Dakota  and  northeastern  South  Dakota.  Streams 
that  drain  the  Sand  Hills  area  of  Nebraska  are  among  the 
most  stable  in  the  Nation,  with  average  monthly  flows 
differing  very  little  from  the  average  of  annual  flows. 
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CHAPTER  3 


CLIMATE 


GENERAL  DESCRIPTION 

As  might  be  expected  in  so  large  an  area,  major 
climatic  differences  exist  within  the  Missouri  Basin. 
Many  of  the  meteorological  phenomena  which  define 
the  basin’s  climate  vary  somewhat  uniformly  but  quite 
drastically  it:  a southeast  to  northwest  direction.  In 
general,  the  range  of  climatic  variation  is  from  subhumid 
in  the  southeast  to  semi-arid  in  the  north  and  west. 

Summers  are  hot  and  winters  are  cold  in  all  of  the 
basin,  but  with  lower  average  temperatures  in  the  higher 
latitudes  than  in  the  lower  latitudes  during  ail  seasons. 
The  length  of  the  freeze-free  growing  season  decreases 
rapidly  from  southeast  to  northwest.  Precipitation  oc- 
curs both  as  rain  and  as  snow  in  all  of  the  ba.sin  states, 
but  snowfall  is  greatest  in  the  mountainous  areas  and 
snowfall  in  the  plains  area  increases  in  a southeast  to 
northwest  direction.  Relative  humidity  is  generally  high 
throughout  the  year  except  in  the  higher  altitude  areas 
in  and  near  the  mountains.  Cloudiness  is  comparatively 
uniform  throughout  the  basin,  with  the  mean  annual 
percentage  of  possible  sunshine  not  far  from  67  percent 
at  any  locality. 

Storms  occur  in  all  parts  of  the  basin  and  in  all 
seasons  of  the  year.  They  are  most  frequent  in  the 
mountainous  areas  and  in  the  .southeastern  part  of  the 
basin,  decreasing  in  frequency  from  southeast  to  north- 
west in  the  plains  area. 

CLIMATE  CONTROL 

The  interior  continental  location  of  the  Missouri 
River  Basin  and  the  absence  of  inland  water  bodies  large 
enough  to  exert  a significant  influence  on  the  climate 
make  this  region  one  of  great  daily,  seasonal,  and  annual 
variation  in  weather  phenomena.  The  north-south  ori- 
ented Rocky  Mountains  along  the  basin's  western 
boundary  restrict  inflow  of  air  from  the  Pacific  Ocean, 
and  the  Gulf  of  Mexico  accordingly  is  the  major  source 
of  moisture  infiovv  into  the  basin. 

The  basin’s  expanse  over  a comparatively  wide  range 
of  both  latitude  and  longitude,  the  resultant  .significant 
range  in  distance  from  tlie  major  moisture  souicc  in  the 
Gulf  of  .Mexico,  and  the  progressive  modification  of  the 


moisture-laden  air  masses  as  they  penetrate  the  basin  are 
responsible  for  a marked  decrease  in  precipitation  from 
southeast  to  northwest.  Similarly,  the  significant  range 
in  distance  from  Canadian  sources  of  colder  air  is 
responsible  for  a marked  increase  in  average  temperature 
from  north  to  south. 

PRECIPITATION 

Throughout  the  Missouri  Basin,  precipitation  is  e.x- 
pericnced  in  the  form  of  both  rain  and  snow.  Generally, 
rain  is  much  the  larger  contributor  to  annual  precipita- 
tion. Normal  annual  precipitation  decreases  somewhat 
uniformly  from  more  than  42  inches  at  the  south- 
eastern tip  of  the  basin  to  less  than  12  inches  along  the 
western  edge  of  the  high  plains,  where  heavily  moisture 
laden  air  from  the  Gulf  of  Mexico  seldom  penetrates 
and  where  the  Rocky  Mountains  block  off  any  sizeable 
amount  of  moisture  from  the  Pacific  Ocean.  Farther 
west,  in  Rocky  Mountain  areas  of  higher  elevation, 
annual  precipitation  increases  to  30  to  40  inches,  or 
more.  Tire  range  of  normal  annual  precipitation  over  the 
Missoni!  Basin  is  shown  by  figure  3. 

Witt'  the  great  range  in  normal  annual  precipitation, 
obviously  theie  are  great  differences  in  average  precipi- 
tation over  the  basin’s  .several  subbasins.  Also,  every- 
where in  the  basin,  there  are  major  differences  in  annual 
precipitation  from  year  to  year.  Both  of  the.se  differ- 
ences are  illustrated  by  plate  which  shows,  for  the 
entire  basin  and  for  each  of  its  .several  subbasins, 
adjusted  average  annual  precipitation  by  years  and  the 
weighted  mean  for  the  period  of  record.  The  adjusted 
average  annual  values  shown  were  obtained  by  Theissen  - 
polygon  weighting  of  individual  station  records  and  by 
transformation  of  station  annual  precipitation  values  to 
percent  of  normal. 

Precipitation  in  the  Missouri  Basin  is  normally  greater 
during  the  spring  months  and  smaller  during  the  fall  and 
winter  months.  June  is  generally  the  month  of  greatest 
precipitation.  Like  annual  precipitation,  monthly  pre- 
cipitation varies  greatly  from  year  to  year.  Distribution 
of  precipitation  by  months  and  the  range  of  precipita- 
tion amounts  during  each  month  arc  illustrated  by  figure 
4.  which  shows,  foi  four  lepresentative  loviiities  in  the 
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basin,  the  monthly  distribution  of  normal  annual  pre-  a ratio  of  over  3 to  I.  Similar  data  for  other  time  periods 

cipitation  and  the  maximum  and  minimum  monthly  and  for  other  probabilities  are  available  in  the  U.S. 

amounts  experienced.  Weather  Bureau  Technical  Paper  No.  40. 

Precipitation  probabilities  for  periods  of  time  longer 
Rainfall  lhan  1 day  are  useful  in  determining  irrigation  require- 

ments, in  short-range  planning  of  farming  operations,  as 
The  influence  of  higli-moisture  air  from  the  Gulf  of  the  basis  for  estimating  streamflow  probabilities,  and  as 

Mexico  is  all  important  to  the  rainfall  regimen  of  the  the  basis  for  estimating  carry-over  storage  requirements 

basin.  In  those  areas  where  air  from  the  Gulf  penetrates  in  ponds  and  small  reservoirs.  Studies  of  precipitation  in 

infrequently,  rainfall  is  smaller  in  amount  and  it  varies  the  Missouri  Basin  for  l-wcek,  2-week,  4-week,  and 

greatly  from  season  to  season  and  year  to  year.  Like  8-week  periods  between  March  29  and  November  7 and 

total  precipitation,  annual  rainfall  also  decreases  some-  for  probability  levels  of  10, 50, 80,  and  95  percent  show 

what  uniformly  and  quite  drastically  from  southeast  to  that,  in  each  case,  the  precipitation  amounts  in  the 

northwest.  southeastern  part  of  the  basin  exceed  those  in  the 

With  the  great  range  in  annual  rainfall,  the  intensity  northwestern  part.  One  of  these  studies  is  illustrated  by 

and  amount  of  rainfall  for  any  specific  probability  of  figure  6,  which  shows  the  I -week,  2-week,  4-week,  and 

occurrence  also  vary  over  a significant  range.  This  is  8-week  total  precipitation  amounts  with  a 10-percent 

illustrated  by  figure  5 which  shows,  for  the  entire  basin,  probability  of  occurrence  between  March  29  and  May 

the  24-hour  precipitation  amounts  with  a 4-percent  23,  that  is,  amounts  that  may  be  expected  to  be  equalled 

probability  of  occurrence  at  any  locality,  that  is,  or  exceeded  during  these  periods  not  oftener  than  once 

precipitation  amounts  that  may  be  expected  to  be  in  10  years,  on  the  average. 

equalled  or  exceeded  not  oftener  than  once  in  25  years.  Rainfall  often  is  in  the  form  of  major  rainstorms, 

on  the  average.  It  will  be  iroted  that  24-hour  precipita-  runoff  from  which  is  capable  of  producing  damaging 

lion  with  a 4-percent  probability  of  occurrence  ranges  floods.  Historical  major  flood-producing  storms  are 

from  over  6 inches  in  the  southeastern  portion  of  the  described  in  Chapter  6 of  this  appendix.  It  is  interesting 

basin  to  less  lhan  2 inches  in  the  northwestern  portion,  to  note  that  rain  which  fell  at  Holt,  Mo.,  on  June  22, 
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1947.  amounting  to  12  inches  in  42  minutes,  establislied 
^ world  record  for  rair-fall  of  this  duration. 

Mountain  Snotwfall 

Mud)  of  the  usable  water  in  "the  upper  portion  of  the 
Missouri:Basin  originates  as  mountain  snowfall.  Advance 
knowledge  of  water  supply,  through  forecasting  of 
strean)f1ow  from  this  source,  aids  water  managers  and 


users  both  in  planning  and  in  actual  use  of  this  water  for 
maximum  economic  benefit.  Snow  surveys  and  soil- 
moisture  determinations  accordingly  are  carried  out  in 
the  mountainous  portions  of  Montana,  Wyoming,  Colo- 
rado, South  Dakota,  and  the  Canadian  Province  of 
Alberta. 

The  usefulness  of  water-supply  forecasting  is  due 
largely  to  the  time  lag  between  winter  snowfall  and 
spring  riinoff  and  to  the  greater  effectiveness  of  winter 


FIGURE  4 

MONTHLY  DISTRIBUTION  OF  PRECIPITATION 
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snowfall,  as  compared  to  summer  rainfall,  in  producing: 
runoff.  Users  of  irrigation  water  particularly  find  stream- 
flow  forecasts  useful  in  preparing  their  annual  cropping 
plans.  During  years  of  predicted  limited  supply,  they  arc 
able  to  adopt  conservation  measures  and  avoid  demands 
in  excess  of  supply;  and  during  years  of  predicted 
plentiful  supply,  they  are  able  to  plan  with  confidence 
for  expanded  crop  production.  .Streamflow  forecasts  are 
of  value  also  to  water  users  in  the  fields  of  power 
production  and  municipal  water  supply  and  to  industries 
whose  operations  are  affected  by  a fluctuating  water 
supply.  , 

There  arc  currently  200  snow  courses  in  operation  in 
the  Missouri  Basin.  Records  extending  back  to  l‘)|‘>  are 
available  for  some  snow  courses,  but  data  for  the  earlier 
years  are  not  comparable  to  data  currently  being 
collected.  Longest  continuous  records  providing  first-of- 
the-month  data  are  for  a .U-ycar  period  through  1 007. 


FIGURE  6 

1-,  2-,  4-,  AND  8-WEEKS  PRECIPITATION  TOTALS 
(INCHES)  EXCEEDED  10  YEARS  IN  100 


24-HOUR.  25-YEAR  RAINFAIL,  (INCHES) 


* state  capital 

• PRECIPITATION  STATION 


• STATE  CAPITAL 

• PRECIPITATION  STATION 


inches  inches  inches 


Records  for  some  snow  courses  are  of  such  short 
duration  that  they  cannot  be  considered  as  representa- 
tive. Typical  snow-course  measureihents,  show^  snow 
depth  and  snow  water  equivalent,  are  illustrated  by 
f^re7. 

Some  snow  courses  are  now  being  equipped  with 
so-called  snow  pillows,  which  measure  the  water  equiva- 
lent in  the  snow  by  variations  in  pressure.  These  are 
recorded  automatically  by  instruments  at  the  site  and 
are  trananitted  to  a base  station  by  a telemetry  system. 
The  snow  pillows  provide  continuous  records  of  snow 
water  equivalent.  A typical  record  of  snow  water 
equivalent  at  a pillow-equipped  snow  course  is  illustrated 
by  figure  8. 

FIGURE  8 

TYPICAL  SNOW  PILLOW  CURVE 


About  30  soil-moisture  stations  are  in  operation  in 
the  Missouri  River  Basin.  Records  are  available  for  a 
maximum  of  14  years,  through  19o7.  Some  of  the 
stations  are  located  on  or  near  snow  courses.  Soil- 
moisture  data  permits  determination  of  the  amount  of 
snowpack  moisture  that  will  be  ^absorbed  in  the  soil 
before  snowmelt  runoff  begins. 

An  analysis  has  been  made  of  data  from  144  snow 
courses  within  the  basin  and  from  23  others  outside  of 
but  adjacent  to  the  basin,  all  with  at  least  6 continuous 
years  of  .April  1 record,  and  of  data  from  16  soil- 
moisture  stations  within  the  basin  and  from  three  others 
adjacent,  all  with  at  least  3 years  of  record.  As  an 
illustration  of  the  nature  of  the  basin’s  mountain 
snowpack,  table  2 has  been  compiled  to  show  the  range 
of  maximum,  minimum,  and  median  water  equivalents  for 
snow  courses  in  several  tributary  basins. 

Based  upon  the  preceding  analysis,  frequency  curves 
have  been  prepared  to  show  the  probability  of  occur- 
rence at  each  snowcourse  of  a snowpack  with  a given 


water  equivalent.  Typical  frequency  curves  at  two  snow 
courses,  for  water  equivalent  in  the  snowpack  on  I 
^iril,  ate  shown  on  figure  9. 


FIGURE  G 

TYPICAL  FREQUENCY  CURVES 
SNOW  WATER  EQUIVALENT  (APRIL  I) 


Plains  Snowfall 

The  plains  portion  of  the  Missouri  Basin  extends 
westward  from  its  eastern  boundary  to  the  edge  of  the 
mountainous  areas  in  the  west  and  northwest.  It  slopes 
gently  upward  from  elevations  belov.  1 ,000  feet,  mean 
sea  level,  in  the  southeast  to  elevations  in  excess  of 
5,000  feet,  mean  sea  level,  near  the  mountainous  areas. 
A part  or  all  of  each  of  the  10  basin'^iates  lies  within 
this  plains  area. 

Snowfall  has  been  experienced  everywhere  in  this 
area.  Average  annual  precipitation  decreases  from  south- 
east to  northwest  in  the  plains  area,  but  this  is  not  true 
for  snowfall.  Average  annual  snowfall  is  about  50  inches 
in  the  western  high  plains,  is  about  40  inches  in  the 
eastern  Dakotas,  and  decreases  to  about  15  inches  in 
southern  Missouri. 

Maximum  24-hour  snowfall  at  first  order  weather 
stations  in  the  plains  area  has  ranged  from  10  to  26 
inches,  maximum  monthly  snowfall  has  ranged  from  20 
to  48  inches,  and  annual  snowfall,  from  July  to  the 
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TaMt  2 - SNOW  SURVEY  DATA,  MOUNTAIN  SNOW  WATER  EQUIVALENT  IN  INCHES 
Rangt  of  Rtoximuin,  Mihimuin,  and  Median  Amounts  Experienced  at  Snow  CoursM  in  Tributary  Baswis 


AppseslanW  lUrteof  Mw—inat 


TtAwy-lidx 

Pabwaqf  1 

Maschl 

April 

Mayl 

UPPER  MISSOURI  RIVER  TRIBUTARIES 

(Iteri^  Sun,  Teton,  Milk,  Judilh, 

Mutsetabell  Rivm) 

Maximum 

5.0-15.0 

6.6-20.6 

6.6-26.8 

7.1-35.1 

7.8-33.0 

Median 

1.5-  7.5 

2.9-12.2 

3.8-19:4 

4.5-21  S 

Minimum 

0.1-  2.0 

0.8-  4:2 

0.M1.3 

0 -13.7 

0 - 4.6 

JEFFERSON  RIVER 

Maximum 

5.0-I9J 

5.5-23.8 

6.6-29.7 

7.5-32.4 

0 -29.2 

Median 

2.4-  9.7 

2.8-14.6 

3.9-19.5 

4.6-23.4 

3.2-21.4 

Minimum 

0.7-  4.4 

1.1-  5.6 

1.8-10.2 

0.7-14.9 

0 - 9.9 

MADISON  RIVER 

Maximum 

7.8-i3.5 

11.5-24.4 

15.3-30.8 

15.6-34.9 

11.5-21.0 

Median 

3.8-  6.5 

6.6-11.3 

8.5-17.7 

8.9-21.8 

2.3-15.9 

Minimum 

0.8-  1.9 

2.7-  5.6 

4.9-  9.2 

5.4-10.4 

0 - 9.2 

GALLATIN  RIVER 

Maximum 

6.8-15.4 

8.7-23.1 

11.6-27.0 

14.4:29,8 

12.1-32.0 

Median 

4.4-  6.2 

4.8-10.4 

6.8-17.3 

9.3-^20.5 

5.7-23.4 

Minimum 

1.6-  1.9 

3.0-  4.2 

4.4-  9.4 

3.0-12.7 

0 -15.2 

UPPER  YELLOWSTONE  RIVER 

(atMve  Biiliii(s,  Montana) 

Maximum 

6.6-27.3 

10.4-37.5 

8.6-47.8 

10.9-52.4 

10.2-27.0 

Median 

3.5-11.8 

5.7-19.0 

4.5-24.1 

S.2-29.1 

0.2-16.8 

Minimum 

1.2-  4.8 

2.8-  i.2 

1.3-10.1 

2.7-15.6 

0 -12.9 

LOWER  YELLOWSTONE-BIGHORN  RIVER 

Maximum 

... 

3.3-32.3 

4.3-36.2 

5.2-43.2 

0 -47.4 

Median 

... 

1.6-18.6 

4.3-24.4 

3.0-27.7 

1.0-32.7 

Minimum 

... 

6 • 8i 

0.8-17.5 

0.6-16.9 

0 -23.9 

LOWER  YELLOWSTONE-TONGUE  RIVER 

Maximum 

... 

7.4-19.5 

9.2-24.3 

10.8-26.1 

12.6-32.5 

M^ian 

... 

5.0-11.7 

6.6-16.5 

7.6-19.8 

8.6-22.0 

Minimum 

... 

1.0-  7.6 

1.0-10.0 

3.8-13.2 

4.6-16.6 

LOWER  YELLOWSTONE-POWDER  RIVER 

Maxiihum 

• •• 

4.4-12.5 

5.2-14.0 

5.5-19.0 

5.7-23.4 

Median 

... 

2.3-  5.4 

3.4-19.5 

4.0-12.3. 

3.6-15.5 

Minimum 

... 

1.2-  2.5 

1.7-  3.8 

2.0:  5.9 

0 -10.0 

CHEYENNE-BELLE  FOURCHE  RIVERS 
(1  snow  course) 

Maximum 

— 

8.7 

9.9 

10.4 

... 

MedUn 

... 

4.3 

6.0 

8.0 

... 

Minimum 

... 

1.2 

2.3 

2.7 

NORTH  PLATTE  RIVER 

Maximum 

... 

6.8-30.5 

8.0-36.1 

9.4-47.8 

7.847.9 

Median 

... 

2.8-18.5 

4.9-23.6 

5.0-31.0 

6 -33.0 

Minimum 

... 

1.0-12.2 

1.4-16.0 

1.2-23.0 

0 -25.1 

SOUTH  PLATTE  RIVER 

Maximum 

... 

4.5-22.2 

4.1-32.0 

5.0-38.9 

3.4-38.9 

Median 

... 

1.6-13.2 

2.1-17.8 

2.5-24.8 

0 -17.2 

Minimum 

— 

0 - 7.8 

0.5-11.7 

0 -16.1 

0 -17.3 

following  June,  has  ranged  from  40  to  87  inches. 
Distribution  of  these  maximum  indicates  that  heavy 
snowfall  for  short  periods  is  as  likely  in  the  lower  plains 
of  Nebraska,  Kansas,  and  Missouri  as  it  is  elsewhere  in 
the  plains  area. 

About  SO  percent  of  the  average  annual  snowfall  in 
the  high  plains  area  occurs  during  the  3-month  period, 
January  through  March.  This  percentage  increases  to  6S 
percent  in  the  middle  plains  area,  and  to  70  percent  in 


the  lower  plains  area.  March  is  normally  the  month  of 
greatest  snowfall  throughout  the  plains  area. 

Plains  snowfall  during  the  fall  months  usually  melts 
during  periodic  thaws  and,  accordingly,  it  rarely  accum- 
ulates on  the  ground  for  a significant  time.  Accumula- 
tion during  the  winter  months  is  much  more  likely,  and 
there  have  been  years  of  accumulation  from  February  to 
late  March  without  significant  thawing.  Years  of  major 
accumulation  were  1881,  1948,  1949,  1950,  1952,  and 
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I960;  and  in  each  uf  these  years,  there  existed  centers  of 
water  equivalent  in  excess  of  6 indies  in  the  snow  cover. 
In  each  of  these  years  devastating  floods  occurred  when 
the  accumulated  snow  melted. 

As  does  average  annual  snowfall,  the  water  eqiiiyaleht 
of  the  snow  cover  in  the  plains  area  inaeiues  in  a general 
northeasterly  direction.  The  water  equivalent  is  usually 
h^est  during  the  first  half  of  March.  Plate  6,  an 
adaption  of  data  shown  on  page  19  of  the  U.  S.  Weather 
Bureau  Technical  Piper  No.  SO,  shows  the  maximum 
March  MS  water  equivalent  of  the  plains  snow  cover 
that  may  be  expected  to  be  equalled  or  exceeded,  on  the 
average,  not  oftener  than  once  in  2S  years.  The 
secondary  maximum  shown  on  this  plate  in  western 
South  Dakota  and  eastern  Wyoming  is  influenced  by  the 
existence  of  the  Black  Hills,  where  the  topography  and 
characteristics  of  snow  accumulation  resemble  those  of 
the  mountainous  areas  of  the  basin. 


TEMPERATURE 


Basin  temperature  Characteristics 


All  parts  of  the  Missouri  Basin  experience  a great 
range  of  temperature  variation  between  winter  and 
summer  because  of  the  frequent  presence  of  cold 
continental  polar  air  in  the  winter  and  warm  continental 
air  in  the  summer.  Temperatures  higher  than  lOO^F  in 
the  summer  and  appreciably  lower  than  0®F  in  the 
winter  have  been  experienced  in  ail  the  basin  states. 
Maximum  and  minimum  temperatures  recorded  in  the 
basin  have  been  I2I°F  in  both  Kansas  and  North 
Dakota  in  July  1936  and  -70°F  at  Rogers  Pass  in 
Montana  in  January  1954.  The  range  of  temperature 
variations  in  the  basin  is  illust-ated  by  figure  10  which 
shows  temperature  distribution  by  months  for  selected 
stations. 

In  the  absence  of  any  east-west  oriented  mountain 
barrier  in  the  basin,  temperatures  show  a definite 
latitudinal  variation.  In  all  seasons  of  the  year,  average 
temperatures  generally  are  significantly  higher  in  the 
southern  part  of  the  basin  than  in  the  northern  part. 
This  latitudinal  variation  in  temperature  is  illustrated  by 
figures  II  and  12,  which  show  normal  daily  maximum 
and  minimum  temperatures  throughout  the  basin  during 
January,  normally  the  coldest  month  of  the  year,  and 
during  July,  normally  the  warmest  month. 

The  isotherms  shown  on  the  preceding  figures  for 
January  indicate  the  general  path  of  cold  polar 
outbreaks  moving  from  northwest  to  southeast  and  the 
associated  moderation  of  these  outbreaks  as  they  prog- 
ress to  the  south  and  east.  The  summer  isotherms  are 
much  less  indicative  of  the  penetration  of  a particular 
type  of  air  mass,  and  they  reflect,  to  a considerable 
degree,  tlie  presence  of  continental  air  greatly  influenced 
by  land  use.  The  preceding  figures  also  illustrate  the 


influence  of  the  h^ged  -wettm  tbpd^phy  on  local 
temperatures. 

Diurnal  temperature  miation  is -quite  pronounce 
throi^out  the  basih.T1iis  is  j^iculariy  true  during  the 
warmer  months  of  the  year.  The*  variation  may  amount 
to  as  much  as  30  degrees  in  late  summer. 

Latitude  and  elevation  |day  important  roles  in  the 
occurrence- of  the  highensummer  temperatures  and- the 
lower  wmter  temperatures.  H%h  temperatures  are  exper- 
ienced inost  frequently  in  the  lower  latitudes  and  in.the 
(dains  area,  less  frequently  in  the  h^er  latitudes,  and 
least  frequently  in  the.  mountainous  areas.  Similarly,  low 
temperatures  are  experienced  least  frequently  in  the 
k)W^r  latitudes,. more  frequently  in  the.h^her  latitudes, 
and  most  frequently  in  the  rnountainbus  areas.  This  is 
illustrated  by  figures  13  and  14  Which  show,  respec- 
tively, the  mean  annual  number  of  days  that  maximum 
temperatures  are  90^h  and  above,  and  the  mean  annual 
number  of  days  that  minimum  temperatures  are  32°F 
and  below.  It  is  illustrated  also  by  figures  IS  and  16, 
which  show,  respectively,  the  hbrmal  annual  total 
heating  degree-days,  or  degree-thiys  below  6S^F,  and  the 
normal  annual  total  cooling  degree-days,  or  degree-days 
above  65®F. 


Growing  Season 


The  length  of  the  crop-growing  season  in  the  Missouri 
River  Basin  also  is  .influenced  by  latitude  and  elevation. 
It  has  an  extremely  wide  range.  The  very  short  growing 
seasons  occur  in  the  mountainous  areas  where  they  are 
not  particularly  significant.  Even  in  the  plains  area, 
however,  the  variation  in  length  of  growing  season  is> 
substantial. 

The  mean  date  of  the  last  occurrence  of  a tempera- 
ture of  32‘^F  or  lower  in  the  spring  varies  from  befor' 
April  10  in  small  areas  in  the  extreme  southeastern  part 
of  the  basin  to  after  May  30  in  the  northern  part  of  the 
plains  area  and  to  after  June  30  in  some  of  the 
mountainous  areas.  The  mean  date  of  the  first  occur- 
rence of  a temperature  of  32^’F  or  lower  in  the  autumn 
varies  from  before  July  30  in  some-  of  the  mountainous 
areas  and  before  September  10  in  the  northern  part  of 
the  plains  area  to  after  October  20  in  the  extreme 
southeastern  part  of  the  basin.  The  mean  length  of  the 
freeze-free  period,  the  period  available  for  crop  growth, 
ranges  from  over  180  days  in  the  extreme  southeastern 
part  of  the  basin  to  less  than  120  days  in  the  northern 
part  of  the  plains  area  and  to  less  than  30  days  in  some 
of  the  mountainous  area.  Figures  17  and  18  show, 
respectively,  the  variation  in  mean  date  of  the  first 
occurrence  of  a temperature  of  32‘’F  or  lower  in  the 
autumn  and  the  variation  in  mean  date  of  last  occur- 
rence of  a temperature  of  32®F  or  lower  in  the  spring. 
Figure  IQ  shows  the  variation  in  the  mean  length  of  the 
freeze-free  period. 
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SURFACE  WINDS  Nebraska,  Iowa,  and  Missouri.  Sustained  winds  of  high 

velocity  show  little  seasonal  variation  in  frequency  of 
Local  topography  and  seasonal  weather  phenomena  occurrence  in  the  mountain  areas.  In  the  plains  area, 

are  largely  responsible  for  the  type  and  severity  of  greater  sustained  velocities  are  likely  in  the  winter  and 

surface  winds  in  the  Missouri  River  Basin.  In  the  spring.  Some  of  the  major  windstorms  that  have  oc- 

mountainous  areas  west  of  105°  longitude,  winds  of  the  curred  in  the  basin  are  illustrated  by  data  presented  in 

orographic  type  rarely  exceed  a velocity  of  30  miles  per  table  3.  Data  presented  are  for  only  a few  of  the  storms 

hour  for  durations  of  60  minutes  or  more,  and  local  that  have  occurred.  Nevertheless,  major  windstorms  of 

drainage  winds  are  normally  light  and  shallow.  East  of  this  nature  are  not  of  common  occurrence  in  the  basin. 

105°  longitude,  the  generally  uniform  topography  of  the  In  the  mountainous  areas,  wind  directions  are  gener- 

vast  plains  area  offers  a minimum  resistance  to  air  ally  westerly,  from  the  southwest  through  the  north- 

movement.  During  any  single  year,  major  variations  in  west,  throughout  the  year.  In  the  plains  area,  wind 

wind  veiocity  and  direction  occur  throughout  the  plains  direction  has  a definite  seasonal  pattern.  Here,  winds  are 

area,  but  these  variations  are  greatly  dampened  when  primarily  northerly,  from  the  northwest  or  north,  during 

seasonal  or  annual  means  are  considered.  the  winter  and  early  spring;  primarily  southeily,  from 

Annual  mean  wind  velocities  in  the  basin  vary  from  the  south  or  southeast,  during  iate  spring,  summer,  and 
about  7 to  about  14  miles  per  hour.  Monthly  mean  early  autumn,  and  primarily  westerly,  from  the  west  or 

velocities  vary  from  about  6 to  about  18  miles  per  hour,  northwest,  during  the  late  autumn  in  the  upper  plains 

with  the  greater  means  during  the  late  autumn,  winter,  area  but  continuing  primarily  southerly  during  this 

and  early  spring  months.  Summer,  overall,  is  normally  period  in  the  lower  plains  area, 

the  calmest  period  of  the  year.  Most  of  the  high- 
intensity,  short-period  winds,  however,  occur  during  the 

warmer  months  in  association  with  individual  thunder-  SUNSHINE  AND  CLOUDINESS 
storms,  squall  lines,  frontal  passages,  and  tornadoes. 

Tornadoes,  often  with  estimated  velocities  on  the  order  Factors  influencing  the  degree  of  cloudiness  at  any 
of  500  miles  per  hour,  are  most  frequent  during  the  locality  at  any  time  are  available  moisture,  presence  of 

spring  and  summer  months  and  in  the  states  of  Kansas,  condensation  nuclei,  season  and  length  of  day,  and 
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Table  3 - MAX>R  WINDSTORMS 


Locitiofi 

Onte 

MaxinMa 

Vfioeity 
Mte 
per  How 
for 

1 MinWe 

Avtiage 
Velocity 
Mto 
per  How 
for 

5 Mhmtet 

Average  Vcfacity 
wMles 
per  Hour 
forOwation 
in  Hows  of 

1 2 3 4 S 6 

Dinclion 

Kanas 

Concordia 

11-1948 

42 

37 

36  32  3 0 29  28  27 

N 

Topeka 

3-26-SO 

59 

-- 

45  43  41  40  39  38 

SW 

MMOwi 

Columbia 

4-  547 

-- 

-- 

34  2 3 2 3 22  2 2 21 

sw 

Montana 

Helena 

12-  241 

56 

52 

46  44  42  41  41  39 

s 

1-1744 

67 

52 

41  38  37  35 

w 

2-1649 

67 

44 

38  38  36  34  32 

w 

Nebraska 

Omaha 

4-24-37 

60 

49 

43  41  41  40  39  39 

NW 

North  Dakota 

Bismarck 

3-1541 

60 

44 

39  38  36  36  35  34 

NW 

5-  645 

57 

47 

41  40  38  38  37  36 

NW 

11-2447 

60 

47 

42  39  37 

NW 

South  Dakota 

Huron 

5-23-39 

65 

59 

40  30  25 

NE 

4-2742 

65 

48 

46  45  41  38 

NW 

11-23-54 

68 

44 

43  42  41  40  39  38 

NW 

Rapid  City 

9-254  2 

65 

59 

56  54  53  52  50  49 

NW 

4-  547 

64 

54 

49  47  47  46  46  46 

NW 

Wyoming 

Cheyenne 

1-2446 

70 

-- 

53  51  49  47  46  46 

NW 

.Sheridan 

9-  741 

56 

50 

47  45  44  43  43  42 

NW 

Note:  'Ihc  above  velocities  have  been  adjusted  to  a common  base  of  2S  feet  above  the  ground. 


presence  of  contrasting  air  masses  and  frontal  activity.  It 
is  understandable,  therefore,  that  the  amount  of  sun- 
shine experienced,  expressed  as  a percentage  of  the  total 
possible  amount  of  sunshine,  does  not  vary  greatly  from 
one  locality  to  another  in  the  basin.  Table  4 shows  the 
mean  percentage  of  possible  sunshine  experienced  at 
representative  localities.  It  will  be  noted  that  the 
maximum  variation  in  the  mean  annual  percentages  of 
possible  sunshine  is  only  19  percent. 

In  an  average  year,  almost  any  locality  in  the  basin 
will  have  about  one-third  of  its  days  clear,  about 
one-third  cloudy,  and  about  one-third  partly  cloudy. 
Low  clouds  and  fog  occur  along  the  eastern  slopes  of  the 
Rocky  Mountains  when  the  prevailing  winds  are  easterly. 
There  are  infrequent  jieriods  of  frontal  fog  and  radia- 
lional  ground  fog  almost  everywhere  in  the  basin. 

HUMIDITY 

Humidity  in  much  of  the  Missouri  Basin  is  com- 
paratively high.  There  arc  favored  localities,  however, 
where  oppressive  humidity  is  seldom  encountered.  The 
most  prominent  of  these  are  the  high-altiludc  areas  of 
the  western  basin  such  as  in  the  vicinity  of  Denver. 
Colo.,  and  Cheyenne,  Wyo.  Relative  humidity  is  gener- 
ally highest  during  the  morning  hours  and  lowest  during 


the  afternoon.  Table  S presents  data  concerning  mean 
annual  and  mean  monthly  relative  humidity  at  selected 
locations  throughout  the  basin  and  for  selected  times. 

DAMAGING  STORMS 

Damaging  storms  occur  in  the  Missouri  Basin  during 
all  seasons  of  the  year.  Winter  blizzards,  ice  storms,  and 
exce.ssive  snowfall  have  been  experienced  in  all  parts  of 
the  basin.  The  more  devastating  storms  occur  during  the 
spring  and  summer  when  thunderstorms,  hailstorms,  and 
tornadoes  are  common.  Although  for  the  most  part 
these  are  of  short  duration  at  any  specific  location  and 
seldom  of  great  areal  extent,  they  may  be  locally  severe. 

In  most  thunderstorms,  it  is  not  uncommon  to  have 
winds  gusting  to  at  least  50  miles  per  hour.  Most 
thunderstorms  do  not  produce  hail,  and  hailstones  which 
are  produced  are  generally  of  small  size.  Large  hail- 
stones, however,  are  sometimes  produced,  and  occur- 
rence of  hailstones  weighing  1.5  pounds  has  been 
definitely  recorded. 

Tornadoes  have  been  experienced  in  most  parts  of  the 
basin,  but  they  are  rare  in  the  mountainous  areas  and  in 
the  northern  part  of  the  plains  area.  They  are  more 
frequent  in  the  southern  part  of  the  plains  area  in 
Nebraska  and  Kansas,  and  most  frequent  in  northeastern 
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Kansas.  Tornadoes  follow  paths  varying  in  length  from  a 
few  feet  to  as  much  as  300  miles,  they  range  in  width  to 
over  a mile,  they  travel  overland  at  a speed  of  about  40 
miles  per  hour,  and  their  internal  winds  are  estimated  to 


reach  speeds  bn  the  order  of  SOO  miles  per  hour.  They 
occur  most  frequently  during  the  3-month, period,  May 
through  July. 


Table 4 - MEAN  PERCENTAGE  OF  POSSIBLE  SUNSHINE 


North  Dakota 


South  Dakota 


Wyoming 


Lincoln 
North  Platte 


Huron 

Rapid'^.ity 


Cheyenne 

Lander 

Sheridan 


55 

49 

58  ' 

' 61 

63  1 

63 

65 

65 

46 

55  ' 

' 58 

60 

I 59 

63 

55 

57 

59  1 

60 

60  i 

63 

53 

63 

63 

64 

62 

64 

65 

52 

58 

56 

57 

58 

61 

55 

53 

60 

59 

60 

59 

62 

43 

51 

59 

60 

63 

66 

66 

62 

55 

62 

60 

62 

65 

68 

53 

58 

62 

63 

62 

61 

66 

63 

65 

66 

64 

61 

59 

68 

57 

66 

70 

71 

66 

65 

74 

52 

56 

61 

62 

61 

61 

67 

69  62  59 

67  59  56 

75  65  60 


66  61 
69  66 


69 
67 

74  I 67  I 60 


8 46 

8 43 


59  55 

62  58 


49 
44 
48  I 48 


52  49 

58  54 


65  63 

61  62 
53  52 


Cheyenne 

Sheridan 


Table  5 - MEAN  RELATIVE  HUMIDITY  (%) 


July 


January 


2 :e  z 

< < ai  oi 


74  66  37  66 
77  77  65  68 
80  82  68  72 


76  82  71  78 
70  68  64  64 


78  76  72  72 
71  71  60  66 


1 


58  48  52 
73  61  65 


3 I i ^ 

<<  ai  a. 


71  79  54  54 
74  77  52  52 


68  77  50  50 

69  76  47  47 
72  79  53  53 


4 53  54 
3 54  58 
7 56  57 


65  79 
64  69 


75  81  54 
73  82  50 


76  79  50 
••  82  56 
68  76  49 


76  8 0 54  51 
66  71  48  47 


68  72  47  49 
70  77  48  46 


s.  * z ai 

< < a;  ft- 


72  76  49  53 
74  73  50  55 
84  82  57  60 


October 


Z Z 3E 

^ a.' 


71  80  52  55 
74  79  52  56 


67  78  48 
69  78  46 
73  80  50 


67  76  51  55 
74  76  52  58 
78  82  54  61 


67  79  50 

68  71  53 


i 

I 


1 


78  47  56 
84  47  51 


81  51  57 
83  57  60 
79  53  53 


75  81  52  56 
60  64  42  46 


64  65  39  47 
66  72  44  47 


70  78  54  57 

71  78  48  52 
75  81  56  58 


71  77  55  59 
75  76  57  61 
80  81  60  63 


69  79  54  55 
67  69  52  49 


65  66  44  48 
69  75  50  51 


’I'iine  is  Haslern  Standard  (7Sth  Meridian),  subtract  I hour  for  Central  (90th  M.),  2 hours  for  Mountain  (lOSth  M.) 

Kased  on  records  through  I9.S9,  except  in  a few  instances,  taken  from  '‘Normals,  Means,  and  Kxlremes"  table  in  U.  S.  Weather 
llnreau  I’lihlications,  l.ocnl  Climatological  Data. 
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Figuie  20  indicates  the  number  and  approximafe 
location  of  tornadoes  that  were  observed  in  the  basin 
during  the  period,  1916  to  1961.  Figure  20  diows  also 
the  mean  amiual  number  of  da3rs  with  thundersUrnns,  in 
all  parts  the  basin. 


ICE  COVER  ON  STREAMS 

As  might  be  expected  in  so  large  an  area,  extendii^ 
over  so  great  a range  of  latitude  and  with  such  varied 
topography,  conditions  of  ice  cover  on  streams  vary 
extensively  over  the  Missouri  Basin.  In  the  mountaiiKXis 
areas,  formation  of  ice  cover  on  flowing  streams  is 
inhibited  by  steep  stream  slopes  and  higher  velocities  of 
flow.  In  the  more  southerly  portions  of  the  basin, 
periods  of  subfreezing  temperatures  generally  are  not 
severe  enough  or  long  enou|h  for  formation  of  heavy  ice 
cover.  The  heaviest  and  most  protracted  ice  cover 
normally  occurs  on  streams  in  the  Dakotas  and,  to  a 
somewhat  lesser  extent,  in  Nebraska  and  northwestern 
Iowa. 

During  severe  winters,  ice  cover  on  streams  in  the 
Dakotas  has  reached  thicknesses  of  up  to  4 feet.  In  this 
area,. thicknesses  of  as  much  as  2 feet  are  common  even 


thiriag  compaiatmly  ndid  wintets.  loe  thicfchesws  nor- 
mally are  aubstaati^  less  in  the  more  southerly  parts 
ctf  tte  basin.  Obviously,  throiighout  the  basin,  there  are 
substantial  variatioas  from  year  to  year  in  the  extent  and 
thkknettof  the  ice  cover. 

Ice  has  formed  on  streams  as  ewiy  in  the  fall  as  Octo- 
ber 10.  The  average  date  of  ice  cover  formation,  itowever, 
varies  with  locality  from  about  November  20  to  about 
January  20.  The  ice  rover  has  been  known  to  persist  as 
late  as  May  I,  but  the  average  date  of  ice  breakup  varies 
with  locality  from  about  February  I to  about  April  10. 
Plate  7 ilhistntes  the  duration  of  ice  cover  in  the  Mis- 
souri Basin,  indicating  the  number  of  days,  on  the  aver- 
age, that  streams  are  frozen,  based  on  available  records. 

Disappearance  of  the  winter  ice  cover  in  any  locality 
may  extend  over  days  and  even  weeks.  Normally,  it 
occurs  earlier  on  streams  than  on  lakes,  since  lake  ice 
cover  must  be  melted  whereas  most  stream  ice  cover  is 
broken  up  mechanically  and  carried  downstream  as 
streamflows  increase.  When  weather  is  such  that  stream 
ice  cover  breaks  up  in  a downstream  direction,  rather 
than  in  the  upstream  direction  which  is  normal,  ice  jams 
are  likely  to  occur.  Historically,  ice-jam  flooding,  which 
occurs  as  stivamflows  are  backed  up  by  severe  ice  jams, 
has  been  a periodic  problem  in  the  Missouri  Basin. 


FIOURE  20 

TOTAL  NUMBER  OF  TORNADOES  AND  MEAN  ANNUAL 
NUMBER  OF  DAYS  WITH  THUNDERSTORMS 
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CHAPTER  4 

EVAPORATION,  EVAPOTRANSPIRATION, 

AND  INFILTRATION 


A major  part  of  the  water  that  falls  as  pfecij^tation 
over  the  Miswuri  River  Basin  never  appears  as  runoff  in 
the  basin  streams  but  is  lost  through  the  processes  of 
evaporation,  eva^transpiration,  and  infiltration.  These 
fdienomena,  accordingly,  require  careful  consideration  in 
evaluation  of  available  water  supply  and  in  planning  for 
water  resources  development. 

EVAPORATION 
Pan  Evaporation 

Evaporation  measurements  are  made  by  use  of  a 
standard- evaporation  pan  of  water  fitted  with  a device 
for  accurately  measuring  the  lowering  of  the  water 
surface  as  evaporation  occurs.  Pan  evaporation  data  have 
been  collected  at  numerous  locations  in  the  Missouri 
Basin.  Using  these  data  for  the  10-year  period  froni.1946 
through  I9S5  and  similar  data  from  other  areas  of  the 
Nation,  the  Weather  Bureau  conducted  studies  of  pan 
evaporation  and  developed  Technical  Paper  No.  37, 
“Evaporation  Maps  for  the  United  .States,”  by  Kohler, 
Nordenson,  and  Baker.  Since  the  lO-ycar  record  used  for 
development  of  those  maps  is  comparatively  short  and 
since  additional  evaporation  data  are  available  for  the 
Missouri  Basin,  consideration  was  given  in  connection 
with  this  framewoi-k  study  to  the  possible  effect  of  uiting 
a longer  period  of  record. 

Representative  pan  stations  throughout  the  Missouri 
Basin  having  a period  of  record  in  excess  of  15  years 
were  selected  for  this  study.  The  study  results  showed 
average  annual  pan  evaporation  amounts  only  slightly 
higlter,  about  3 irercent  higher  on  the  average,  than  the 
average  annual  amounts  shown  by  Technical  Paper 
No.  37.  Departures  of  this  magnitude  are  not  significant, 
and  the  evaporation  amounts  shown  for  the  Missouri 
Basin  in  Technical  Paper  No.  37  accordingly  were 
considered  suitable  for  use  in  the  framework  study. 

Average  annual  pan  evanporation  in  the  basin  gener- 
ally increases  from  the  northeast  to  the  south  and  to  the 
west.  Amounts  range  from  about  41  inches  in  the 


northeastern  part  of  the  basin  in  North  Dakota  to  about 
55  inches  east  of  the  northern  Rocky  Mountain  area,  to 
about  65  inches  east  of  the  southern  Rocky  Mountain 
area,  and  to  over  90  inches  in  west  central  Kansas. 
Amounts  decrease  again  in  the  mountains  to  less  than  35 
inches  in  wuthwestern  Montana  and  to  less  than  45 
inches  in  central  Colorado. 

Gross  Evaporation  from  Lakes  and  Reservoirs 

Pan-evaporation  data  are  not  directly  applicable  in 
estimating  evaporation  from  lakes  and  reservoirs,  for 
evaporation  from  an  open  pan  normally  occurs  at  a 
faster  rate  than  does  evaporation  from  a large  body  of 
water  in  the  same  locality.  Pan-evaporation  data,  how- 
ever, do  provide  an  index  to  the  evaporative  powers  of 
the  atmosphere,  and  lake  and  reservoir  evaporation  rates 
may  be  estimated  by  application  of  appropriate  coeffi- 
cients to  the  pan-evaporation  data. 

Studies  by  the  Weather  Bureau  as  presented  in 
Weather  Bureau  Technical  Paper  No.  37  also  included 
development  of  lake  and  reservoir  evaporation  rates 
from  the  available  pan-evaporation  data.  Average  annual 
gross  lake  and  reservoir  evaporation  rates  presented 
therein  were  reviewed  and  were  also  determined  to  be 
.suitable  for  use  in  the  framework  study.  Plate  8.  which 
shows  average  annual  gross  evaporation  from  lakes  and 
reservoirs  in  the  Missouri  Basin,  was  developed  from  data 
in  Technical  Paper  No.  37. 

Nr  t Evaporation  from  Lakes  and  Reservoirs 

Of  greater  significance  than  gross  evaporation  alone, 
in  connection  with  studies  of  potential  reservoirs,  is  net 
evaporation,  derived  by  subtracting  effective  rainfall 
from  the  gross  evaporation  value.  Effective  rainfall, 
which  offsets  part  of  the  evaporation  loss,  is  defined  as 
rainfall  over  the  potential  reservoir  water  surface  less 
that  portion  of  such  rainfall  that  formerly  escaped  from 
the  reservoir  site  as  runoff  and  is  already  refiecicd  in 
runoff  records.  Net  evaporation  represents  the  overall 
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depicting  efTect  of  the  reservoir  on  the  water  supply  at 
the  site  and  is  equal  to  gross  evaporation  from  the 
reservoir  water  surface,  a water  loss,  plus  runoff  that 
would  have  occurred  from  the  land  inundated  by  the 
reservoir,  a water  loss,  minus  precipitation  over  the 
reservoir  water  surface,  a water  gain. 

Using  the  gross  evaporation  values  shown  by  plate  8. 
precipitation  amounts  shown. by  normal  annual  precipi- 
tation maps  for  the  period  1931  through  1960  as 
published  by  the  U.  S.  Weather-Bureau  in  the  National 
Atlas  for  the  United  States,  and  appropriate  runoff  data, 
reservoir  arid  lake  net  evaporation  rates  for  the  Missouri 
Basin  have  been  estimated.  These  are  shown  by  plate  9. 
Average  Annual  Net  Lake  Evaporation  in  Inches. 

Seasonal  Distribution  of  Net  Evaporation 

Planning  studies  frequently  require  determination  of 
net  evaporation  on  a seasonal  basis.  Fur  this  purpose  an 
analysis  was  made  at  several  representative  locations  in 
the  Missouri  Basin,  of  all  available  concurrent  pan- 
evaporation and  precipitation  data.  Results  of  this 
analysis  are  represented  in  plate  10,  Average  Monthly 
Lake  Evaporation  Minus  Precipitation  - In  Percent  of 
Average  Annual. 

In  the  analysis  the  assumption  was  made  that 
reservoir  and  lake  evaporation  would  follow  a monthly 
distribution  pattern  similar  to  that  for  pan  evaporation. 
This  assumption  is  valid  for  comparatively  shallow 
reservoirs  and  lakes.  For  deep  re.servoirs  and  lakes, 
however,  where  water  surface  temperatures  lag  air 
temperatures  significantly,  special  studies  of  the  month- 
ly distribution  of  average  annual  evaporation  will  be 
necessary. 

Runoff  was  not  considered  in  the  analysis  because 
concurrent  runoff  data  at  the  locations  shown  were  not 
available.  It  is  considered,  however,  that  the  monthly 
distribution  pattern  shown  by  plate  10  for  average 
annual  gross  evaporation  minus  precipitation  may  be 
adopted  fur  montlily  distribution  of  net  evaporation  in 
all  but  the  most  detailed  studies. 


quired  in  plannii^  studies.  The  analysis  of  gross  lake 
evaporation  minus  precipitation  at  representative  loca- 
tions in  the  Missouri  Basin,  described  in  the  immediately 
preceding  paragraphs,  accordit^y  was  extended  to 
development  of  annual  and  multi-annual  probability 
curves  of  reservoir  and  lake  evaporation  minus  precipita- 
tion. Annual  values  were  ranked  and  plotted,  on  arith- 
metic probability  paper  by  a standard  formula. 
ProbabiVity  curves  were  then  fitted  to  the  data  by 
computation  of  means  and  standard  deviations  for  each 
set  of  data. 


FieURE  21 

ANNUAL  LAKE  EVAPORATION  MINUS  PRECIPITATION 


EVAPOTRANSPIRATION 


Variability  of  Annual  Evaporation 

The  cffoci  of  evaporation  on  water  resource  develop- 
ments varies  greatly  from  year  to  year.  Utilizing  mean 
annual  eva|)Oialion  to  estimate  water  losses  is  normally 
not  satisfactory  in  planning  studies  because  of  the 
tendency  for  high  evaitoralion  to  occur  during  drought 
years.  This  is  demonstrated  by  figure  2 1 where  annual 
lake  cva|)oration  minus  precipitation  for  Bozeman. 
Mont.,  IS  shown  to  be  several  times  greater  during  the 
drought  of  the  lO.iO's  than  during  the  wetter  decades  of 
the  1920’sand  the  l‘)40's. 

I’robabiliiy  relationships  for  annual  and  imilti-amuial 
rcservoii  and  lake  evaporation  also  arc  frequently  re- 


Evapotranspiration, commonly  called  consumptive 
use,  is  defined  as  the  sum  of  evaporation  from  plant  and 
soil  surfaces  an  jranspiration  from  plants  and  is  usually 
expressed  in  terms  of  depth  (volume  per  unit  area).  Crop 
consumptive  use  is  equal  to  evapotranspiraiion  plus 
water  required  for  plant  tissue,  but  the  two  are  usually 
considered  the  same.  Predictions  or  estimates  of  evapo- 
transpiration  are  basic  parameters  for  the  engineer  or 
agronomist  involved  in  planning  and  developing  water 
resources.  Estimates  of  evapotranspiraiion  are  also  used 
in  assessing  the  disposition  of  water  in  an  irrigation 
project,  evaluating  the  irrigation  water-management  effi- 
ciency. and  projecting  drainage  requirements. 

Reliable  rational  equations  are  available  for  esti- 
mating evapotranspiration  when  basic  meteorological 
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parameters  such  as  net  radiation,  vapor  pressure  and 
temperature  gradients,  «nd  speed  at  a prescribed 
elevation  above  the  crop  or  over  a standard  surface,  and 
soil  heat  flux  are.avaiiable.  When  information  oh  these 
parameters  is  not  available,  which  is  the  usual  case, 
recourse  is  made  to  empirical  methods.  Numerous 
equations,  both  empirical  and  partially  ba^d  on  theory, 
have  been  developed  for  estimating  potential  evapo- 
transpiratson.  Estimates  from  these  methods  are  gener- 
ally accepted  as  being  of  suitable  accuracy  for  planning 
and  developing  water  resources.  Probably  the  most 
widely  used  methods  at  this  time  are  the  Blaney-Criddle 
method  and  the  Soil  Conservation  Service  adaptation  of 
the  Blaney-Criddle  method.  A more  recent  method, 
nearly  developed  for  general  usage,  is  the  Jensen-Haise 
solar  radiation  method.  In  general  terms,  these  methods 
utilize  climatic  data  to  estimate  a climatic  index.  Then 
coefficients,  reflecting  the  stage  of  growth  of  individual 
crops  and  their  actual  water  requirement  in  relationsttip 
to  the  climatic  index,  are  used  to  estimate  the  con- 
sumptive use  requirements  for  selected  crops. 

During  preliminary  phases  of  this  investigation,  con- 
sideration was  given  to  a careful  study  of  evapo- 
transpiration  in  I'ne  Missouri  River  Basin.  While 
desirable,  after  conside'ing  the  information  already 
available  from  previous  isolated  studies  anr.’  their  suffi- 
ciency for  framework  planning,  it  was  decided  this 
contemplated  study  was  unwarranted  for  this  investi- 
gation. As  a result,  where  estimates  of  evapo- 
transpiration  have  been  required,  use  has  been  made  of 
the  earlier  isolated  studies  and,  if  needed,  the  accepted 
empirical  methods. 

Knowledge  of  consumptive  uses  is  important  in  the 
case  of  a large  irrigation  project,  and.  especially  for  river 
systems  as  a whole.  However,  of  equal  and  perhaps  more 
importance  in  the  case  of  an  individual  farm  or  project  is 
the  efficiency  with  whicli  the  water  is  conveyed, 
distributed,  atid  applied.  The  losses  incidctital  to  appli- 
cation on  the  farm  and  the  conveyance  system  losses  and 
operational  waste  may  in  many  instances  e.\cecd  the 
water  required  by  the  growing  crops.  In  actual  opera- 
tion, the  amount  of  loss  is  to  a great  extent  a matter  of 
economics.  In  areas  where  water  is  not  plentiful  and 
high-value  crops  arc  grown,  the  use  of  pipe  or  lined 
conveyance  systems  and  costly  land  preparation  or 
sprinkler  systems  can  be  afforded  to  reduce  losses  to  a 
minimum.  A part  of  the  “losses”  may  be  consumed 
nonbeneficially  by  nonproductive  areas  adjacent  to  tlie 
irrigated  land  or  in  drainage  channels.  Usually  most  of 
the  “loss”  eventually  returns  to  a surface  stream  or  drain 
and  is  referred  to  as  return  flow. 

In  planning  irrigation  projects,  two  consumptive  use 
values  are  developed.  One  composed  of  monthly  or 
.seasonal  values  is  used  with  an  adjtistment  for  effective 
precipitation  and  anticipated  “losses”  mentioned  above 
to  determine  the  total  water  requirement  for  appraising 


the.adequacy  of  the  total  water  supply  and  determining 
reservoir  storage  requirements.  The  other,  a peak  use 
rate,  is  used  for  sizing  the.  canal  and  lateral  system.  For 
genera]  informatioh  on  the  variation  of  consumptive  use 
in  the  Missouri  Basin,  two  tables  are  presented.  Table  6 
shows  estimated  monthly,  potential  evapotranspiration  in 
inches  for  S years  at  eight  different  locations,  table  7 
shows  peak  period  estimated  average  potential  evapo- 
transpiration values  for  7-  and  14-day  periods  for  12 
years  at  one  of  the  locations.  Rapid  City,  S.  Dak, 

INFILTRATION 

The  capacity  of  soils  in  the  Missouri  Basin  to  absorb 
rainfall  varies  over  an  extremely  wide  range.  However,  a 
great  deal  of  infiltration  data,  from  various  sources,  is 
available  in  the  basin  and  accordingly,  for  the  compre- 
hensive  framework  study.  A special  effort  -was  made, 
however,  to  collect  and  summarize  the  available  data 
that  do  exist. 

Generalized  Soil  Groupings 

During  the  late  forties  through  the  mid-fifties,  thou- 
sands of  undisturbed  soil  samples  were  taken  throughout 
the  basin.  By  use  of  the  Uhland  Core  sampling  method, 
3!^-inch  undisturbed  soil  cores  were  brouglit  into  labora- 
tories and  tested.  The  final  rates  of  percolation  were 
determined  after  thorough  wetting  of  the  core. 

For  the  framework  study,  the  basin  was  d'vided  into 
six  broad  soil  groupings,  as  shown  on  plate  1 i . The  usual 
range  of  final  infiltration  rates,  in  inches  per  hour,  is 
shown  for  each  grouping.  The.sc  rates  are  based  upon  the 
physical  soil  characteristics  only.  They  include  the 
combined  effects  of  surface  texture,  water  intake,  and 
soil  permeability.  The  effects  of  land  use.  cover,  manage- 
ment, slope,  erosion,  etc.,  are  not  considered  in  these 
generalized  groupings.  Therefore,  the  map  should  not  be 
used  as  a direct  hydrologic  tool  to  obtain  infiltration 
rates  for  precipitation  and  runoff  studies. 

Combined  into  Group  1 are  those  areas  of  rel-  viy 
impermeable  soils  with  infiltration  rates  of  less  than  .OS 
inches  per  hour.  Only  a comparatively  small  part  of  the 
basin  is  in  this  group.  It  includes  the  Badlands  of  North 
Dakota,  South  Dakota,  and  Montana,  where  soils  are 
thin  on  steep  slopes  with  numerous  gullies  and  where 
most  of  the  area  is  barren  or  has  only  a thin  stand  of 
grass  cover.  It  includes  also  the  high  Alpine  areas  of  the 
Rocky  Mountains,  where  little  true  soil  has  developed 
and  where  the  principal  vegetation  is  a thin  S ind  of 
moss  and  lichens. 

Combined  into  Group  2 are  those  areas  having  soils 
with  infiltration  rates  langing  from  0.05  to  0.20  inches 
per  hour.  Areas  in  this  group  exist  in  each  of  the  basin 
States  except  North  Dakota.  In  Missouri,  Kansas.  Iowa, 
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tabit  6 - MONTHLY  POTENTIAL  EVAPOTRMISPIRATION  IN  INCHES 


V«ir 

Fefc. 

Mwh 

AWB 

m 

Jmae 

iWr 

Arb. 

Shn. 

Oct 

Nov. 

Dec. 

LANDER,  WYOMING 

. ^ 

19(3 

0. 

.81 

1.27 

2.02 

4.25 

5.73 

7.33 

5.74 

4.09 

2.45 

.73 

.01 

1964 

.06 

.15 

.72 

2.04 

3.74 

4.75 

8.35 

6.22 

3.68 

1.99 

.58 

.30 

1965 

.41 

.26 

.42 

2.27 

3.05 

4.89 

6.94 

6.05 

2.23 

2.28 

.69 

.26 

1966 

.16 

.31 

1.42 

2J)1 

4.75 

5.43 

7.66 

5.94 

3.64 

1.67 

.65 

.18 

1%7 

.31 

.50 

1.46 

2.17 

3:24 

4.06 

6.88 

6.33 

4.08 

2.11 

.45 

0. 

JHeaiK 

.19 

.41 

1.06 

2.10 

3.81 

4.97 

7.43 

6.06 

3.55 

2.10 

.62 

.13 

GREAT  FALLS,  MONTANA 

1962 

0. 

.56 

1.14 

1.66 

3.18 

4.19 

6.44 

5M 

3.23 

1.57 

.45 

.06 

1964 

.18 

.40 

.43 

1.57 

3.11 

4M 

7.10 

4.35 

1.93 

1.57 

.26 

0. 

1965 

.06 

.22 

.03 

1.69 

2.64 

3.97 

5.94 

4.53 

1.03 

1.44 

.33 

.15 

1966 

0. 

.23 

.98 

1.25 

3.43 

3.88 

6.09 

4.23 

3.06 

1.00 

.20 

.13 

1967 

.13 

.38 

.46 

1.17 

3.23 

4.18 

7.89 

6.67 

3.78 

1.44 

.45 

.03 

Means 

.08 

.36 

.61 

1.47 

3.12 

4,15 

6.69 

5.07 

2.61 

1.40 

.34 

.08 

GLASGOW,  MONTANA 

1963 

0. 

.13 

1.23 

1.59 

3.35 

5.26 

7.91 

6.66 

3.83 

1.82 

.40 

0. 

1964 

.05 

.33 

.36 

2.06 

3.48 

5.18 

8.93 

5.73 

2.74 

1.74 

.23 

0. 

1965 

0. 

0. 

0. 

1.64 

3.42 

5.45 

7.59 

6.10 

1:76 

1.87 

.22 

.08 

1966 

0. 

0. 

.95 

1.59 

' 3.93 

5.34 

6.61 

5.25 

3.53 

1.32 

.14 

0. 

1967 

0. 

0. 

.20 

1.55 

2.87 

4.66 

8.28 

6.61 

3.42 

1.43 

.35 

0. 

Means 

.01 

.09 

.55 

1.69 

3.41 

5.18 

7.86 

6.07 

3.06 

1.64 

.27 

.02 

BISMARCK,  NOR1H  DAKOTA 

1963 

0. 

0. 

1.10 

1.63 

3.45 

5.90 

6.76 

5.64 

2.93 

1.92 

.40 

0. 

1964 

0. 

.07 

.18 

1.89 

3.96 

4.25, 

6.49 

4.57 

2.32 

1.40 

.14 

0. 

1965 

0. 

0. 

0. 

1.24 

3.12 

4.52 

6.04 

4.88 

1.29 

1.63 

.30 

.07 

1966 

0. 

0. 

.82 

1.20 

3.42 

5.17 

6.24 

4.19 

2.81 

1.26 

.03 

0. 

1967 

0. 

0. 

.52 

1.23 

3.39 

4.63 

7.53 

5.89 

3.43 

1.12 

.24 

0. 

Means 

0. 

.01 

.52 

1.44 

3.47 

4.89 

6.61 

5.04 

2.56 

1.47 

.22 

.01 

RAMD  aTY,  SOUIH  DAKOTA 

1963 

0. 

.38 

1.39 

1.83 

3.82 

5.74 

6.67 

5.97 

3.46 

2.34 

.66 

.06 

1964 

.25 

.31 

.62 

1.90 

3.68 

4.75 

7.05 

5.24 

3.16 

1.76 

.43 

0. 

1%5 

.15 

.22 

.05 

1.92 

3.07 

4.33 

5.93 

4.96 

1.67 

1.88 

.49 

.28 

1966 

0. 

0. 

.92 

1.27 

3.46 

4.64 

6.40 

4.13 

2.86 

1.36 

.41 

.16 

1967 

.25 

.36 

.95 

1.95 

2.92 

3.58 

6.17 

5.43 

3.27 

1.74 

.56 

.06 

Means 

.13 

.26 

.79 

1.78 

3.39 

4.61 

6.44 

5.15 

2.89 

1.82 

.51 

.11 

OMAHA,  NEBRASKA 

1963 

0. 

.17 

1.22 

2.38 

3.89 

6.94 

7.05 

5.65 

3.74 

3.23 

.89 

0. 

1964 

.27 

.38 

.80 

2.19 

5.39 

6.02 

7.76 

4.89 

3.16 

1.92 

.56 

.02 

1965 

0. 

0. 

.21 

2.21 

4.94 

5.82 

6.51 

5.71 

2.17 

2.60 

.74 

.38 

1966 

0. 

.24 

1.54 

1.73 

4.75 

6.15 

7.54 

5.80 

3.33 

2.04 

.63 

.13 

1967 

.05 

.12 

1.38 

3.10 

3.27 

5.54 

7.31 

6.31 

3.45 

1.55 

,61 

.15 

Means 

.06 

.18 

1.03 

2.32 

4.45 

6.10 

7.23 

5.67 

3.17 

2.27 

.69 

.14 

MANHATTAN,  KANSAS 

1963 

.03 

.79 

2.02 

3.63 

4,52 

7.88 

8.36 

7.19 

5.52 

4.03 

1.34 

.27 

t%4 

.80 

.89 

1.80 

3.13 

6.53 

7.66 

9.74 

6.74 

4.82 

2.97 

1.06 

.43 

1%5 

.55 

.71 

1.12 

3.27 

5.22 

5.68 

7.09 

5.98 

3.34 

2.95 

1.17 

.70 

1966 

.37 

.76 

2.46 

2.20 

5.71 

5.73 

8.88 

6.29 

3.77 

2.71 

1.10 

.46 

1967 

.51 

.79 

1.75 

3.21 

4.06 

5.61 

6..39 

6.59 

3.60 

2.12 

.92 

.43 

Means' 

.45 

.79 

1.83 

3.09 

5.21 

6.51 

8.09 

6.56 

4.21 

2.96 

1.12 

.46 

COLUMBIA,  MISSOURI 

1963 

0. 

.34 

1.69 

2.88 

4.83 

7.25 

7.56 

6.10 

4.43 

3.42 

.92 

.02 

1964 

.52 

.53 

1.17 

2.89 

5.34 

5.85 

7.50 

6.30 

4.14 

2.26 

.% 

.29 

1965 

.32 

.51 

.69 

2.90 

5.84 

5.75 

6.39 

5.37 

3.55 

2.16 

.91 

.55 

1966 

.14 

.46 

1.61 

1.89 

4.36 

5.57 

7.49 

5.44 

3.29 

2.16 

.98 

.35 

1967 

40 

.48 

1.56 

3.00 

3.85 

5.76 

7.44 

6.24 

3.84 

1.92 

.80 

.34 

Means 

.28 

.46 

1.34 

2.71 

4.84 

6.04 

7.27 

5.89 

3.85 

2.38 

.91 

.31 

and  Nebraska,  ureas  in  this  group  arc  characterized  by 
deep  silty  clay  and  clay  loam  soils  with  a slowly 
peinteable,  compact,  claypan  subsoil.  Average  slopes  arc 
in  the  4 to  7 percent  range.  Much  of  the  area  is  in 


cultivated  crops.  Poor  soil  structure  and  poor  soil  tilth, 
along  with  clean  cultivation,  aggrtivate  the  problem  of 
water  intake  and  infiltration  into  the  soil.  In  Montana. 
Wyoming,  and  South  Dakota,  areas  in  this  group  for  the 
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most  part  have  moderately  deep  soils  formed  from  the 
Pierre  and  Fox  Hills  shales.  Much  of  the  area  has  fair 
stands  of  mid  and  short  grasses,  and  some  of  the  deeper 
soils  are  in  crops. 


Table  7 - PEAK  PERIOD  POTENTIAL  EVAPO- 
TRANSPIRATION  IN  INCHES  PER  DAY. 
RAPID  CITY.  SOUTH  DAKOTA 


Yew 

7-4iy  period 

14-day  Period 

Amw< 

Iviy 

Aagaet 

1955 

0.30 

0.28 

0.28 

0.25 

1956 

0.29 

0.23 

0.26 

0.21 

1957 

0.28 

0.26 

0.27 

0.25 

1958 

0.22 

0.28 

0.20 

0.26 

1959 

0.29 

0.25 

0.27 

0.25 

1960 

0.29 

0.27 

0.27 

0.24 

1961 

0.25 

0.29 

0.25 

0.25 

1962 

0.23 

0.25 

0.20 

0.23 

1963 

0.24 

0.22 

0.24 

0.21 

1964 

0.27 

0.27 

0.26 

0.24 

1%5 

0.22 

0.23 

0.21 

0.21 

1966 

0.24 

0.19 

0.23 

0.18 

Areas  in  Group  3 have  infiltration  rates  ranging  from 
0.20  to  0.60  inches  per  hour,  and  they  exist  in  all  of  the 
basin  states.  Soils  are  deep  to  moderately  deep  silt 
loams,  clay  loams,  and  silty  clay  loams.  They  have  a 
moderately  slow  permeability  and  a relatively  high  water 
storage  capacity.  Except  in  the  foothills  areas  of 
Colorado,  Wyoming,  and  Montana,  a large  part  of  the 
area  in  Group  3 is  in  cultivation. 

Areas  in  Group  4 have  infiltration  rates  ranging  from 
0.60  to  2.0  inches  per  hour.  The  aggregate  area  in 
Group  4 is  larger  by  far  than  in  any  other  of  the  six 
groups.  Soils  are  deep,  medium  textured,  and  moder- 
ately permeable,  and  they  are  dominantly  in  cropland 
with  some  pasture.  Before  cultivation  started,  almost 
100  years  ago,  these  soils  had  a good  granular  structure 
and  a good  water  intake  rate.  As  a result  of  continuous 
cultivation,  erosion  losses,  and  poor  crop  residue  man- 
agement, the  surface  soil  ' ave  lost  much  of  their  former 
ability  to  take  in  water.  x7n  freshly  plowed  fields  the 
surface  layer  puddles  and  seals  over  immediately  follow- 
ing rains  of  more  than  about  1/4  inch.  If  a good 


stubble-mulch  is  maintained  or  the  surface  is  otherwise 
kept  open,  infiltration  into  these- soils  can  be  increased. 

Areas  in  Group  5 have  infiltration  rates  ranging  from 
2.0  to  6.3  inches  per  hour.  They  consist  primarily  of 
the  alluvial  soils  of  stream  floodplains  and  other  areas  of 
moderately  sindy  soils  with  moderately  rapid  perme- 
ability. In  western  Nebraska  and  northeastern  Colorado, 
the  Groups  areas  include  some  of  the  most  valuable 
irrigated  land  in  the  Missouri  Basin. 

Areas  in  Group  6 have  infiltration  rates  in  excess  of 
6.3  inches  per  hour.  The  sandhills  of  Nebraska  comprise 
the  greater  part  of  the  Group  6 area.  Soils  are  deep, 
sandy,  and  rapidly  permeable.  About  90  percent  of  the 
area  has  native,  bluestem  vegetation.  The  area  produces 
little  surface  runoff  and  is  considered  to  be  one  of  the 
greatest  ground-water  recharge  areas  in  the  Nation. 

The  six  broad  soil  groupings  described  are  delineated 
on  plate  1 1 of  this  appendix.  It  should  be  understood 
that  within  each  of  the  six  delineated  areas,  small  areas 
with  different  soil  types  and  different  infiltration 
characteristics  exist. 

InfiltronMtdr  Fidd-Plot  Test  Data 

Field  infiltrometer  test  data,  made  with  various  types 
of  infiltrometers  or  rainfall  simulators,  were  furnished 
by  the  SoU  Conservation  Service,  the  Forest  Service,  the 
Agricultural  Research  Service,  and  the  Bureau  of  Recla- 
mation. The  test  data  furnished  show  infiltration  rates 
ranging  from  0.04  to  9.7  inches  per  hour. 

Infiltration  Data  from  Hydrograph  and 
Storm  Analytes 

Infiltration  data  obtained  from  hydrograph  analyses 
and  storm  studies  were  furnished  by  the  Bureau  of 
Reclamation  and  the  Corps  of  Engineers.  Most  of  the 
data  are  for  areas  above  stream  gaging  stations  although 
some  are  for  areas  above  other  locations  sUch  as  dam- 
sites,  reservoirs,  and  mouths  of  streams.  The  data  sliow 
infiltration  rates  ranging  from  0.01  to  I..32  inches  per 
hour. 


CHAPTER  5 


SEDIMENT 


INTRODUCTION 

The  Missouri  River  Basin  covers  a very  large  and 
diverse  area  varying  from  flat,  essentially  non-draining 
land  to  high  mountains;  from  highly  erodible  soil  to 
rock;  and  from  subhumid  to  semiarid  climate.  Within 
these  diversities,  there  are  areas  of  more  or  less  localized 
characteristics;  thus,  it  is  not  possible  to  develop  simple 
formulae  nor  an  overall  relationship  for  sediment  yields 
within  this  basin.  Sediment  yields,  representing  all 
sediment  carried  by  the  streams,  in  tons  per  square  mile 
per  year,  range  from  near  zero  in  streams  draining  the 
mountainous  areas  to  10,000  or  more  in  streams 
entrenched  in  the  more  erodible  soils  of  the  central 
Missouri  Basin. 

It  has  been  necessary  to  analyze  the  basin,  area  by 
area,  considering  the  availability  of  suspended  sediment 
sampling  data,  physiographic  and  geologic  information, 
soils,  topography,  climate,  runoff,  vegetation,  land  use, 
upland  erosion,  channel  erosion,  and  knowledge  of 
sediment  transport  and  delivery.  The  magnitude  of  the 
task  precluded  any  analysis  on  a relatively  localized 
basis,  Data  on  sediment  sampling  and  reservoir 
sedimentation  surveys  were  assembled,  generalized  soil 
maps  and  physiographic  and  geologic  maps  were 
consulted,  and  runoff  data  considered.  With  these  as  a 
basis,  and  from  technical  knowledge  of  the  area,  it  was 
possible  to  develop  generalized  maps  of  sediment  yield. 
In  some  areas,  data  from  field  reconnaissances  were 
available  to  aid  in  the  analyses. 

The  sediment  yield  estimates  apply  only  to  drainages 
in  e.\cess  of  100  square  miles.  For  smaller  areas  a single 
erosion  feature  may  be  predominant,  while  in  the  larger 
areas  tlie  local  features  usually  will  be  integrated  to 
produce  a reasonable  average.  It  must  be  recognized  also 
that  the  generalized  estimates  cannot  always  be 
definitive  even  foi  the  larger  areas.  They  are  considered 
to  be  adequate  for  preliminary  planning,  but  the 
available  information  from  which  they  were  develojKd 
is.  in  most  instances,  inadequate  to  delineate  the 
variations  which  occur  even  within  reasonably  large 
drainages.  Prior  to  tlie  final  design  of  any  project,  the 
sediment  yield  estimate  s.tould  be  refined  by  a field 
reconnaissance  of  the  drainage,  review  of  the  local 


geology,  physiography,  and  soils,  and  the  collection  of  at 
ileast  enough  suspended  sediment  discharge  data  to 
provide  some  comparison  with  established  stations. 

SEDIMENT  YIELD  CH  tRACTERISTICS 

Sediment  yield  estimates  have  been  made  in  terms  of 
tons  per  year  per  square  mile  of  drainage.  For  most 
purposes  it  will  be  necessary  to  convert  these  values  to 
terms  of  acre-feet  or  other  volume  unit,  the  most 
commonly  used  conversion  value  being  65  pounds  per 
cubic  foot  (dry  weight)  or  1 ,416  tons  per  acre-foot.  This 
value  is  reasonably  adequate  for  sediments  derived  from 
average  soils;  however,  the  actual  volume-weight  ratio 
for  sediments  deposited  in  reservoirs  will  vary  from  as 
low  as  30  pounds  per  cubic  foot  (650  tons  per  acre-foot) 
for  thixotropic  deposits  of  Bentonitic  clays  such  as 
found  in  the  White  River  Basin  to  85  to  90  pounds  per 
cubic  foot  (2,200  tons  to  2,300  tons  per  acre-foot)  for 
predominantly  sandy  deposits.  These  values  will  also 
vary  with  the  reservoir  operation;  i.e.,  deposits  con- 
taining a moderate  to  high  proportion  of  clay  and  silt 
size  sediments  will  attain  a higher  density  if  exposed  to 
air  frequently  or  for  long  periods  of  lime  than  will 
similar  deposits  if  continuously  submerged. 

The  sediment  yield  from  a given  area  is  dependent 
primarily  on  ten  factors:  Geology,  topography,  soils, 
sheet  erosion,  upland  erosion,  channel  erosion,  climate, 
runoff,  ground  cover,  and  land  use. 

Geology  is  concerned  with  the  development  of  the  earth 
mantle:  whether  hard  rock,  weathered  rock,  immature  or 
partially  formed  soils,  or  fully  developed  soils.  Hard 
rock,  of  course,  produces  essentially  no  sediment  yield. 
Weathered  rock,  immature  soils,  glacial  moraine 
deposits,  and  alluvial  deposits  are  increasingly  suscep- 
tible to  erosion,  wiiile  weathered  shale,  friable  fine 
sands,  and  deep  aeolian  deposits  have  an  extremely  high 
sediment  yield  potential. 

Topography-  Tlie  obvious  factor  involved  in  the  effect 
of  topography  on  sediment  yield  is  the  degree  of  slope, 
whether  the  land  surface  is  level,  gently  sloping,  rolling, 
hilly,  or  steeply  sloping,  for  it  is  the  slope  that  largely 
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governs  the  velocity  and  the  erosive  power  of  the  runoff. 
In  order  to  induce  a major  sediment  yield,  however,  it  is 
also  necessary  for  the  topography  to  be  such  that  the 
eroded  sediments  are  transported  into  deHned  water 
courses.  For  example,  even  a deeply  eroded  hillside  may 
not  add  appreciably  to  the  downstream  sediment  yield  if 
the  eroded  materials  are  deposited  on  a valley  floor 
rather  than  moved  into  the  stream  network. 

SoUs-  In  general,  soils  containing  a hi^  proportion  of 
clay-size  materials  are  difficult  to  erode,  particularly  if 
the  total  mixture  is  sufficiently  well  graded  to  form  a 
relativ3  dense  material.  Well  consolidated  soils  and  soils 
containing  rock  fragments  also  tend  to  erode  slowly.  On 
the  other  hand,  friable  and  sandy  soils  erode  readily. 
Soils  with  the  greatest  erosion  potential  appear  to  be 
those  in  which  there  is  a very  small  range  of  grain  sizes, 
such  as  the  loess  deposits  in  western  Iowa,  and  the 
weathered  shale.  The  inclusion  of  bentonite  and  of 
soluble  salts  in  Mils  and  alluvial  materials  increases  the 
erosion  potential. 

Sheet  Erosion-  The  impact  of  raindrops  and  of  snow- 
melt runoff  on  land  surface  everywhere  causes  erosion. 
The  sediment  thus  detached  is  transported  away  by 
runoff  in  the  form  of  sheet  flow  or  in  small  rills.  Because 
of  the  total  area  thus  affected  the  quantity  of  sediment 
is  large.  Sheet  erosion  is  the  major  cause  of  sediment 
production  in  the  Missouri  Basin. 

Upland  Erosion-  Upland  erosion,  evidenced  by  rills  or 
channels  on  the  hillsides,  may  produce  a very  high 
sediment  yield  locally  and  provide  serious  problems  in 
soil  conservation.  To  be  effective  in  downstream  sedi- 
ment yield,  however,  it  is  necessary  that  the  hillside 
erosion  be  associated  with  a reasonably  well  developed 
drainage  network.  If  the  hillside  erosion  features  drain 
onto  a flat  alluvial  plain,  only  a small  portion  of  the 
eroded  material  will  be  moved  into  stream  channels. 

Channel  Erosion-  This  feature  includes  gully  erosion  aS 
well  as  erosion  of  mature  stream  channels.  In  the  Soldier 
River  of  western  Iowa,  as  an  example,  a very  high 
sediment  yield  results  from  the  head  cutting  of  the 
parent  stream  and  its  tributaries  into  the  deep  loess. 
Material  from  pronounced  hillside  erosion  appears  to 
deposit  on  the  narrow  alluvial  plains  rather  than  to  enter 
the  stream  channel.  In  more  mature  streams,  sediment 
production  is  usually  a result  of  eroding  channel  banks. 

Climate-  There  are  several  climatic  factors  affecting 
land  erosion;  i.e.,  total  rainfall,  rainfall  intensity  and 
duration,  freezing  and  thawing  cycles,  and  proportion  of 
precipitation  falling  as  snow.  In  general,  erosion  is  least 
with  a humid  climate  which  encourages  vegetation,  with 
low  intensity  storms,  and  with  snow  fall.  An  arid  climate 


with  sparse  vegetation,  and  high  intensity  storms  is 
conducive  to  erosion,  although  it  may  be  restricted  by 
the  infrequency  of  storm  occurrences. 

Rtmoff-  High  intensity  runoff  has  a high  potential  for 
both  erosion  of  the  land  and  transport  of  the  eroded 
materials.  It  is  most  often  associated  with  the  high 
intensity  storms  and  sparse  ground  cover  typical  of  arid 
or  semiarid  -rreas;  thus,  its  effect  may  be  limited  by 
infrequent  occu.-rences. 

Ground  Cover-  In  an  area  which  is  completely  covered 
by  vegetation,  litter,  or  rock  fragments,  rainfall  has  little 
opportunity  to  either  teach  erodible  material  readily  or 
mn  off  with  mfficient  intensity  to  transport  sediments. 
Conversely,  an  unprotected  area  may  be  susceptible  to 
both  erosion  and  transport. 

Land  Use-  To  a certain  degree,  ground  cover  and  land 
use  are  associated  factors;  however,  the  variation 
between  cultivated  and  unbroken  land  is  important  as  is 
the  distinction  between  row-crops  and  small. grain  and 
between  lightly  grazed  or  heavily  grazed  pasture.  Soil 
conservation  practices  may  decrease  downstream  yield, 
particularly  if  the  drainage  net  is  so  developed  that 
eroded  materials  are  introduced  directly  into  flow 
channels  or  if  channel  controls  are  constructed  in 
head-cutting  areas. 

DETERMINATIONS  OF  SEDIMENT  YIELD 

The  sediment  yield  to  be  anticipated  at  a project  site 
is,  of  course,  most  accurately  determined  if  a long  period 
record  of  sediment  discharge  has  been  obtained  at  the 
site.  Such  records  are  seldom  available,  however,  for  it  is 
seldom  that  the  probability  of  the  future  justification  of 
a project  can  be  adequately  established  to  permit  the 
operation  of  a sediment  discharge  station  for  the  10-year 
to  20-year  period  required  to  develop  a reasonable  value 
of  average  annual  sediment  yield.  In  some  cases,  a 
station  may  be  operated  during  a 2-  or  3-year  planning 
period.  The  record  thus  obtained  is,  of  itself,  inadequate, 
but  it  is  valuable  as  a reference  in  combination  with 
other  available  information. 

In  many  areas  there  will  be  sediment  discharge 
records  for  other  locations  on  the  stream  in  question  or 
for  other  streams  in  the  same  general  area.  Even  the 
records  for  streams  in  the  same  major  drainage  may  be 
helpful.  In  utilizing  such  records,  however,  it  must  be 
recognized  that  the  area  contributing  to  any  given 
.station  may  be  composed  of  segments  having  different 
sediment  yield  characteristics.  For  any  rational  evalua- 
tion of  the  station  data  it  is  necessary  to  balance  an 
estimated  yield  from  each  of  these  areas  against  the 
integrated  yield  a*  the  station.  On  this  basis,  areas 
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draining  to  the  project  in  question  may  be  compared  for 
assistance  in  determining  sediment  yields.  Sediment 
yields  at  all  available  sediment  sampling  stations 
througiioui  the  Missouri  Basin  are  listed  in  table  8. 

Except  for  those  rare  instances  of  an  adequate  record 
at  a desired  site,  there  is  no  adequate  substitute  for  a 
field  reconnaissance  by  competent  personnel  in  deter- 
mining sediment  yield  in  an  area  as  diverse  as  the 
Missouri  Basin.  For  preliminary  planning  purposes,  maps 
of  estimated  ranges  of  sediment  yield  for  drainages  in 
excess  of  100  square  miles  have  been  prepared.  They 
were  developed  on  the  basis  of  available  sediment 
discharge  data,  reservoir  sedimentation  survey  data,  soil 
maps,  geologic  and  physiographic  maps,  and  technical 
knowledge.  This  was  supplemented,  in  some  areas,  by 
information  from  detailed  field  reconnaissance^  made 
for  projects  currently  under  investigation.  Yield  values 
were  determined  as  a range  for  example,  500  to  1.000 
tons  per  square  mile  per  year,  since  local  variations  make 
it  impractical  to  develop  specific  values  for  generalized 
areas.  These  maps  are  shown  as  figures  22  through  29. 

No  general  yield  values  have  been  developed  for 
application  to  drainage  areas  of  less  than  100  square 
miles.  For  such  areas,  local  conditions  frequently  vary  to 
such  an  extent  that  the  inclusion  or  exclusion  of  a 
single-tributary  area  might  result  in  a radically  different 
sediment  yield.  For  areas  of  10  square  miles  or  less,  the 
stage  of  development  of  various  erosion  features  is 
extremely  important;  for  example,  an  active,  head- 
cutting gully  might  produce  extremely  high  sediment 
yields  while  a mature  gully  in  tlie  same  area  might 
produce  only  a moderate  yield.  A field  reconnaissance  of 
such  areas  is  the  only  rational  method  of  developing 
sediment  yield  values. 


SEDIMENT  YIELD  VALUES  FOR  PROJECT 
PLANNING 

For  preliminary  planning  of  projects  involving  drain- 
ages of  100  square  miles  or  more,  the  values  developed 
for  (he  subbasin  reports  should  be  adequate.  It  must  be 
recognized  that  the  importance  of  local  variation  is  in  an 
inverse  ratio  to  the  size  of  the  drainage;  thus,  it  is 
recommended  that  the  higher  values  of  tlic  yield  range 
be  tentatively  used  for  the  relatively  small  drainages.  As 
the  size  of  the  drainage  increases,  the  median  or  even  the 
lesser  values  of  the  range  might  be  appropriate. 

For  final  planning,  except  for  veiy  iar£C  drainage 
areas  of  several  thousand  square  miles,  a field  reconnais- 
sance is  recommended.  Specific  yield  vahies  can  be 
assigned  to  vaiious  segments  of  the  diainagc  and 
weighted  by  proportionate  areas.  The  use  of  topog- 
raphic, physiographic,  and  soils  maps  is  helpful  in  this 
process. 


EFFECTS  OF  WATER  CONTROL  PROJECTS 
ON  SEDIMENT  YIELD 

In  order  to  analyze  the  effects  of  water  control 
projects  on  sediment  production,  it  is  necessary  to 
analyze  the  process  of  sediment  eiosion  and  transport. 
Wlren  the  soil  surface  is  disturbed  by  rainfall,  only  a 
small  portion  of  the  disturbed  material  will  be  removed 
from  a given  area.  The  remainder  will  be  moved  only  a 
sliort  distance  to  lodge  in  an  adjacent  furrow  or  against  a 
clump  of  grass,  a fence  post,  or  other  object.  The 
material  moved  from  the  area  will  be  collected  in  small 
rills  or  channels,  but  when  it  is  discharged  into  a larger 
channel  with  a lesser  slope  and  lower  velocity  of  flow  a 
large  proportion  of  that  material  will  be  deposited  as  a 
debris  fan,  or  may  aggrade  the  bed  over  a long  reach. 
The  remainder  will  be  moved  to  the  next  larger  channel 
where  a proportion  will  be  deposited,  and  this  process 
continues  until  the  material  remaining  in  transport 
reaches  a stream  where  the  flow  is  adequate  to  maintain 
an  average  balance  between  the  material  introduced  and 
the  material  transported.  The  debris  fans  and  channel 
deposits,  in  turn,  may  be  eroded  later  by  larger  flows  in 
the  channels  in  which  tl were  deposited. 

Material  eroded  from  hillside  rills  may  in  some  cases 
be  almost  immediately  introduced  into  a flow  system,  or 
It  may  be  more  or  less  permanently  deposited  on  a flat 
valley  floor.  Fine-grained  material  eroded  from  gullies 
would  normally  be  expected  to  remain  in  a flow  system, 
but  it  may  go  through  the  process  of  deposition  and 
re-erosion,  depending  on  particle  size  distribution. 

Investigations  of  erosion  :>  d-oeuiment  transport  have 
indicated  that  the  .sediment  yield  at  the  lower  end  of  a 
drainage  of  less  than  1 square  mile  may  be  as  much  as  50 
percent  to  75  percent  of  the  material  eroded.  In  the  case 
of  severe  gullying  it  may  be  even  larger.  This  proportion 
decreases  as  the  size  of  the  drainage  increases  until,  with 
drainages  of  .0  square  miles  or  more,  the  average  yield 
approaches  10  percent. 

The  effect  of  projcct.s  for  conservation,  irrigation. 
Hood  control,  or  similar  purposes  will  thus  depend 
largely  upoit  the  nature  of  the  project  . ' character  of 
the  drainage,  and  the  area  of  the  dtuiiiage  involved. 
Experimental  projects  have  demonstrated  that  the  appli- 
cation of  soil  conservation  practices  on  drainages  of  up 
to  1 square  mile,  with  only  a moderately  developed 
drainage  net,  can  reduce  the  sediment  yield  by  as  much 
as  85  percent.  With  increasing  size  of  the  diaiiiage, 
however,  the  effect  of  soil  conservation  on  sediment 
yield  at  a downstream  point  decreases  rapidly.  Much  of 
the  sediment  previously  eioded  from  the  land  surface 
will  remain  available  for  continued  movement  fiom  the 
debiis  fans  and  flow  channels  for  long  peiiods  of  time 
and  additional  erosion  may  be  mduced.  While  there  is  no 
question  as  to  the  value  of  conservaiion  jiractices  to  the 
land  on  which  they  arc  applied,  it  is  unwise  to  assume 


Table  8 - SUSPENDED  SEDIMENT  DISCHARGE 


uses 

Sutmn 

Number 

Subbuiii  and  Location 

- - 

Dninife  Area 

Period 
oir  Yc» 
Record  of 
Yean  Record 

Avenge  Annual  Sediment 

1 

Period  of 
Record 
Tons 

Standard 

Period 

1948-1963 

Tons 

Tons 

Per 

Sq.  Mi. 

Grom 

Sq.ML 

Coniiibuting 

Sq,Mi. 

Upper  Minouri  Subbuin 

0185 

Beaverhead  River  at  Blaine,  Mont. 

3,619 

1963-64 

2 

33,600 

9 

0255 

Big  Hole  River  near  Melrose,  Mont. 

2,476 

1957, 

5 

26.900 

11 

61-64 

0265 

Jefferson  River  near  Twin  Bridges,  Mont. 

1958-59 

7,632 

1961-62 

4 

93,700 

12 

0545 

Missouri  River  at  Toston.  Mont. 

14,669 

1950-53 

4 

396.000 

27 

0711 

Little  Prickly  Pear  Cr.  at  Sieben  Ranch 

near  Wolf  Cr.,  Mont. 

270 

1963 

1 

1.420 

5.3' 

0713 

Little  Prickly  Pear  Creek  at  Wolf 

Creek,  .Mont. 

381 

1963 

1 

2,690 

7.1' 

0995 

Marias  River  near  Shelby,  .Mont. 

3.242 

1950-51 

2 

1,000,000^ 

310^ 

1080 

Teton  River  near  Dutton,  Mont. 

1,308 

1955-57 

3 

92,1 00^ 

,7o2 

1150 

Missouri  River  at  Power  Plant  I'erry,  Mont. 

13,000^ 

1949-51 

1958-63 

9 

5,829,000 

448 

1276 

Musselshell  River  near  Mosby,  Mont. 

5,941 

1949-50 

1963-65 

3 

431,000^ 

73^ 

1740 

Willow  Creek  near  Glasgow,  Mont. 

538 

1954-63 

10 

892.000 

1.660 

1745 

Milk  River  at  Nashua,  Mont. 

18,300^ 

1949-58 

1961-63 

12 

1,505,000 

82 

1770 

Missouri  River  at  Wolf  Point,  Mont. 

24,734^ 

1949-63 

15 

3,995,000 

162 

1855 

Missouri  River  at  Culbertson,  Mont. 

34,000^ 

1948-51* 

1959-63 

9 

5,354,000 

207 

* Yields  for  1 964-65  were  much  higher,  bul  were  affected  by  highway  construction. 

2 Yield  affected  by  diversions  to  offstream  reservoir(s). 

3 Approximate. 

^ Drainage  Area  below  Fort  Feck  Reservoir. 

^ At  Snowden,  Mont,  in  1948  and  1949. 


Yellowstone  Subbasin 

Butcher  Creek  near  Luther.  Mont. 

9 

1960-62 

3 

120' 

13 

Butcher  Creek  near  Roscoc,  Mont. 

1960-62 

3 

1,100' 

44 

Butcher  Creek  near  Fisli tail,  Mont. 

1960-62 

3 

1.900' 

58 

2043 

Butcher  Creek  near  Absarokee,  Mont. 

39.6 

1960-62 

3 

3,000' 

76 

2077 

North  Fork  Bluewater  Creek,  near 

Bridget,  Mont. 

7.5 

1961-63 

3 

250' 

34 

2078 

Bluewater  Creek  near  Bridget,  Mont. 

27.5 

1960-63 

4 

2,300' 

84 

2078.5 

Bluewater  Creek  at  .Sanford  Ranch  near 

Bridget,  Mont. 

43.9 

1961-63 

3 

5,000' 

li5 

2078.7 

Bluewater  Creek  near  Fromberg,  Mont. 

46.6 

1961-63 

3 

6,500' 

140 

2079 

Bluewater  Creek  at  Fromberg.  Mont, 

53.2 

1960-63 

4 

20,000' 

380 

2280 

Wind  River  at  Riverton.  Wyo. 

2..309 

1949-56 

8 

448.000 

470.000 

204 

2350 

Beaver  Creek  near  Arapaho,  Wyo. 

354 

1951-53 

3 

124,000 

130.000'“ 

.367'“ 

2355 

Little  Wind  River  near  Riverton,  Wyo. 

1.904 

1949-53 

6 

244.000 

220.000 

116 

1956 

2360 

Kirby  Draw-near  Riverton.  Wyo. 

182 

1951-53 

3 

4,500 

25 

2390 

.Muskrat  Creek  near  .Shoshoni.  Wvo. 

733 

1950-58 

13 

. 194.000 

160,000 

220 

1960-63 

2445 

I■ivcluile  Creek  near  Pavillion.  Wyo. 

118 

1949-58 

13 

34.000^ 

37,000^ 

314^ 

1961-63 

• Com|)titcd  on  basis  of  twice  weekly  samples. 

2 Not  representative  of  natural  yield  because  of  development  of  upstream  controls.  iCstimaled  delivery  of  70.000  tons  per  year,  or 
600  tons  per  stpiaru  mile  per  year  prior  to  control  and  6,000  tons  per  year,  or  50  tons  per  sipiarc  mile  per  year  under  present  condi- 
tions. 

Approximate. 
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Table  8 (Continued) 


■i 

Average  Annual  Sedinient 

Period 

•.-rrr’.PTM 

uses 

DniMite  Arct 

of 

I7W1 

Period  of 

Period 

Tons 

Statwn 

Gfots 

Contributing 

Rccoid 

mm 

Record 

1948-1963 

Per 

Number 

Subbam  aud  Locatioa 

Sq.Mi. 

Sq.Mi. 

Years 

Tons 

Tons 

Sq.ML 

YeUowrtc 

«te  Subbam  (Contimicd) 

660,000^ 

660,000^ 

2500 

Fivemile  Creek  near  Riverton.  Wyo. 

356 

1950-58 

1960-63 

13 

1,080,000^ 

2530 

Fivemile  Creek  near  Shoshoni,  Wyo. 

418 

1949-63 

15 

1.100,000’ 

40'° 

2555 

Poison  Creek  near  Shoshoni,  Wyo. 

500 

1949-53 

1956 

6 

13,900 

20,000'® 

2570 

Badwater  Creek  near  Bonneville,  Wyo. 

808 

1948-53 

1955-63 

15 

239,000 

227,000 

281 

2575 

Muddy  Creek  near  PavilHon,  Wyo. 

267 

1949-53 

1955-58 

1961-63 

12 

150,000* 

140,000 

524* 

2580 

Muddy  Creek  near  Shoshoni.  Wyo. 

332 

1949-63 

15 

286,000* 

2585 

Dry  Cottonwood  Creek  near 

■■i 

Bonneville,  Wyo. 

165 

1951-53 

3 

94.000 

570 

2595 

Bighorn  River  at  Thermopolis,  Wyo. 

8,020 

1947-51 

5 

4.700.000 

580 

319'' 

1952 

1 

239.000 

750 

2670 

Gooseberry  Creek  at  Neiber,  Wyo, 

361 

1952 

1 

271,000 

750 

2685 

Fifteen  Mile  Creek  near  Woriand,  Wyo. 

518 

1951-63 

13 

583,000 

1,160 

2690 

Bighorn  River  near  Manderson,  Wyo. 

11,020 

1947-51 

5 

7,560.000 

695 

3,319’ 

1952-53 

1956 

3 

1.730,000 

500 

2765 

Greybull  River  at  Meclcetsc,  Wyo. 

681 

1955-56 

2 

, 

238 

2780 

Dry  Creek  at  Greybull,  Wyo. 

433' 

1952-53 

2 

224 

2795 

Ri^orn  River  at  Kane,  Wyo. 

15,846 

1947-51 

5 

4,300.000* 

674 

8.145’ 

1952-63 

12 

■cRiMiyMiil 

528 

2855 

Sage  Creek  near  Lovell.  Wyo. 

381 

1951-53 

3 

525 

2862 

Shoshone  River  at  Kane,  Wyo. 

2,989 

1960-63 

n 

1,543,000’ 

516’ 

2947 

Bighorn  River  at  Bighorn,  Mont. 

22.885 

1948-51 

11,100,000 

485 

15,184’ 

1952-54 

1956-58 

1960-63 

5,300,000 

5.700,000 

375 

78'° 

3085 

Tongue  River  at  Miles  City,  Mont. 

5.379 

1947-51 

5 

568,000 

420,000 

3090 

Yellowstone  River  at  Miles  City,  Mont. 

48i253 

1949-51 

3 

16,583,000 

343 

3095 

Middle  Fork  Powder  River  above 

60,000'° 

133'° 

Kavecc.  Wyo. 

450 

1949-53 

5 

53.000 

3125 

Powder  River  near  Kaycec,  Wyo. 

980 

1950-53 

4 

214,000 

245'° 

3130 

.South  Fork  Powder  River  near 

Pl||l| 

1,560'° 

Kaycec,  Wyo. 

1,150 

1951-53 

3 

1,115,000 

3135 

Powder  River  at  Sussex,  Wyo. 

3,090 

1950-53 

4 

2,690,000 

1,130'° 

3165 

Crazy  Wontan  Creek  near  Arvada,  Wyo. 

956 

1950-53 

4 

150,000 

180'° 

3170 

Powder  River  at  Arvada,  Wyo. 

6,050 

1947-57 

11 

4,850,000 

910 

3240 

Clear  Creek  near  Arvada,  Wyo. 

WBM 

1950-53 

4 

120,000 

135'° 

3265 

Powder  River  near  Locate,  Mont. 

1950-53 

4 

5,000,000 

530'° 

3295 

Yellowstone  River  near  Sidney,  Mont. 

1938-63 

26 

27,380,000 

304 

■'  Not  representative  of  natural  yield  because  of  irrigation  return  flow.  Kslimated  200,000  T/yr.  under  present  conditions. 

Not  representative  of  natural  yield  because  of  irrigation  return  flow.  Kstimated  250,000  T/yr,  under  present  conditions, 

5 Not  representative  of  natural  yield  because  of  development  of  upstream  controls,  lustimated  delivery  of  60.000  tons  per  year  or  225 

tons  per  square  mile  per  year  under  present  conditions. 

^ Not  representative  of  natur.'d  yield  because  of  irrigation  return  flow. 

Contributing  area  belosv  Hoysen  Keservoir. 

^ Kstimated  yield  for  .standard  period  under  conditions  of  upstream  control  ns  of  1 963. 

^ Not  representative  of  natural  yield  owing  to  storage  in  Buffalo  Bill  Keservoir  and  irrigation  developments, 

Appro.vimatc. 


37 


Table  8 (Continued) 


uses 

Slaiioii 

Sabbaria  aad  LocaliiHi 

DniMRC  Aim 

ibriod 

or 

Record 

VcMt 

Vem 

of 

Record 

Auentft  Aowiai  Sedbacot 

Ibtiodof 

Record 

Tom 

M-  - » - A 

fftmm 

1948-1963 

Tons 

Tom 

Per 

S8.ML 

Gross 

&I.ML 

rrwbibutbti 

%ML 

Wc*tefiiE 

bhoiaSrtbam 

3340 

Little  Missouri  Rivet  near  Alzada.  Mont. 

904 

1949.-51 

3 

130,000 

150.000* 

165* 

3355 

Little  Missouri  River  at-Marmarth,  N.  D. 

4,570 

1953-54 

2 

1.460,000 

1,800,000* 

395* 

3360 

Little  Missouri  River  at  Medon,  N.  D. 

6.190 

1946-51 

6 

3.620,000 

3,000,000* 

485* 

3370 

Little  Missouri  River  near 

Watford  City,  N.  D. 

8.490 

1948-63 

16 

5.850.000 

5,850.000 

689 

3395 

Knife  River  near  Golden  Valley,  N.  D. 

1,230 

194749 

3 

151,000 

100,000* 

81* 

3405 

Knife  River  at  Hazen,  N.  D. 

2,350 

194843 

16 

150,000 

150,000 

64 

3430 

Heart  River  near  S.  Heart,  N.  D. 

315 

1947-51 

5 

26,300 

17,000* 

54* 

3455 

Heart  River  near  Richardton,  N.  D. 

1,240 

1947-52 

6 

324,000 

200,000* 

238* 

3490 

Heart  River  at  Mandan,  N.  D. 

1,600* 

1950-54 

5 

1,020,000 

673 

1955-63 

9 

559.000 

350 

3510 

Cannonball  River  near.New  Leipzig,  N.  D. 

1.140 

1947-50 

4 

336,000 

200,000* 

175* 

3525 

Cedar  Creek  near  Pretty  Rock,  N.  D. 

1,340 

194749 

3 

49,100 

45,000* 

34* 

3540 

Cannonball  River  at  Breien,  N.  D. 

4,100 

1949-51 

196043 

7 

625,000 

456,000 

113 

3550 

N.  Fork  Grand'River,  Haley,  N.  D. 

509 

196243 

2 

9,530 

29,010 

57 

3575 

Grand  River  at  Shadehill,  S.  D. 

3,120 

1946-50 

5 

605,000 

- --  2 

3580 

Grat,d  River  at  Wakpala,  S.  D. 

2,390 

1951 

7 

451,000* 

920,000 

384 

195843 

3590 

Moreau  River  at  Bixby,  S.  D. 

1,570 

1949-51 

3 

476,000 

200* 

3595 

Moreau  River  near  Faith,  S.  D. 

2,660 

194749 

3 

649,000 

450,000* 

200* 

3605 

Moreau  River,  Whitehor.se,  S.  D. 

5,223^ 

1948-51 

10 

2,651,000 

3,140,000 

606 

4,880 

195843 

3860 

Lance  Creek  at  Spencer,  Wyo. 

2,070 

1951-54 

4 

830,000 

800,000* 

385* 

3940 

Beaver  Creek  near  Newcastle,  Wyo. 

1,320 

1950-57 

8 

139,000 

200,000 

150 

4000 

Hat  Creek  near  Edgemont,  S.  D. 

1,044 

1951-54 

4 

112,000 

100* 

4005 

Cheyenne  River  near  Hot  Springs,  S.  D. 

8,710 

1946-63 

18 

1,707,000 

1,662,000 

191 

4015 

Cheyenne  River  below  Angostura 

Dam,  S.  D. 

1952-53 

9,100* 

1955-63 

11 

1,230 

4265 

Belle  Fourchc  River  below  Moorcroft, 

Wyo. 

1.730 

1950-51 

2 

43,000 

60* 

4370 

Belle  Fourchc  River  near  Sturgis,  S.  D. 

5,870 

1956-58 

3 

653.000 

200* 

4395 

Cheyenne  River,  Eagle  Butte,  S.  D. 

24,500 

1948-51 

10 

7.952,000 

7,772.000 

317 

1958-63 

4415 

Bad  River,  Fort  Pierre,  S.  D. 

3,107 

194843 

16 

4,225,000 

4,225.000 

1,350 

4460 

White  River  near  Ogala,  S.  D. 

2,200 

1947-52 

6 

267,000 

190,000 

86 

4470 

White  River  near  Kadoka,  S.  D. 

5,000 

1950-54 

5 

7,463,000 

7,500,000 

1.500 

4505 

So.  Fk.  White  River  below  While 

River,  S.  D. 

1951-54 

1,570 

1956-58 

7 

204,000 

190,000 

120 

4520 

White  River,  Oacoma,  S.  D. 

10,200 

1940-63 

23 

13,000,000 

12,000,000 

1,177 

4535 

Ponca  Creek  at  Anoka,  Nebr. 

410 

1951-52 

2 

200,000 

150,000* 



370* 

' Approximate:  available  data  are  insufficient  to  permit  a reliable  estimate  of  yield. 

2 Shadeliill  Reservoir  closed  June  30,  1950.  Natural  yield  for  period  1948-63  probably  did  not  exceed  350,000  tons  per  year. 

Outflow  from  reservoir. 

“*  At  1‘romise,  S.  I),  prior  to  1959. 

^ Delow  Heart  llutte  Dam. 

6 Additional  record. by  Corps  of  Hngineers. 

SubsetpienI  to  storage  in  Sliadchill  Ke.servoir. 


Eastern  Dakota  Subbasin 

932,000* 

4855  1 Big  .Sioux  River  at  Akron.  Iowa 

5.600* 

1941-51 

1 " 

1.114,200 

• 1941.1960,  since  stream  discharge  records  not  available  S!ibscs|uent  to  1960. 
2 Dased  on  field  reconnaissaiue. 
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uses 

Station 

NiMibcf 

Subbaiin  and  Ixscation 

. Dtainaie  Area 

Period 

of 

Record 

Yean 

Yean 

of 

Record 

Averafe  Annual  Sediment 

Period  of 
Record 
Tons , 

Standard 

Period 

1948-1963 

Tons 

Tons 

Per 

Sq.Mi. 

Gtou 

Sq.Mi. 

Coniiibattng 

Sq.Mi. 

Platte-Niobnin  Sobtiuifi 

4565 

Niobrara  River  near  Hay  .Springs,  Nebr. 

1953-55 

3 

7.650' 

1948-50 

4575 

Niobrara  River  near  Gordon,  Nebr. 

4,290 

1954-55 

5 

88,600^ 

85,000 

4590 

Niobrara  River  near  Cody,  Nebr. 

1948-54 

7 

536,2002 

550,000 

4615 

Niobrara  River  near  Sparks,  Nebr. 

8,090 

1948-50 

3 

930,4002 

900,000 

4630 

Niobrara  River  at  Meadville.  Nebr. 

1951-52 

2 

1,850,0002 

1,500,000 

4635 

Long  Pine  Creek  near  Riverview,  Nebr. 

390 

1948-51 

4 

167,000 

150,000 

385 

6379.1 

Rock  Cr.  at  Atlantic  City,  Wyo. 

21.3 

195863 

6 

1,5602 

6430 

Bates  Cr.  near  Alcova,  Wyo. 

393 

1957-58 

2 

100,200 

1951-53 

6435 

No.  Platte  River  near  Goose  Egg,  Wyo. 

10.745 

1957-58 

5 

314,200^ 

6450 

No.  Platte  River  below  Casner.  Wvo. 

11.733 

1948-52 

5 

527,000^ 

6500 

No.  Platte  River  near  Douglas.  Wyo. 

13,180 

1948-52 

5 

699,000'' 

6540 

No.  Platte  River  near  Cassa,  Wyo. 

14,621 

1948-53 

6 

919,000'' 

6560 

No.  Platte  River  below  Guernsey  Res.,  Wyo. 

15,021 

1948-53 

6 

57,400^ 

6700 

Laramie  River  near  Uva,  Wyo. 

3,818 

1953-57 

5 

14,90(r' 

7100 

So.  Platte  R.  at  Littleton.  Colo. 

3.069 

194248 

7 

384,0002 

125 

7120 

Cherry  Cr.  near  Franktown,  Colo. 

169 

194245 

6 

39,1002 

231 

194748 

7125 

Cherry  Ct.  near  Melvin,  Colo. 

360 

194248 

7 

260,0002 

722 

7180 

Clear  Cr.  below  Idaho  Springs,  Colo. 

264 

1953-55 

3 

33,000 

7185 

No.  Clear  Cr.  near  Blackhawk,  Colo. 

55.8 

1953-55 

3 

2,300 

7205 

So.  Platte  R.  near  Henderson,  Colo. 

4,713 

194244 

6 

1,129,0002 

299 

194648 

7570 

So.  Platte  R.  at  Sublette,  Colo. 

12,170 

194448 

5 

729,0002 

60 

7580 

Kiowa  Cr.  at  Elbert,  Colo. 

28.6 

195764 

8 

740 

7581 

West  Kiowa  Cr.  at  Elbert,  Colo. 

35.9 

1963-64 

2 

800 

7582 

Kiowa  Cr.  at  Kiowa,  Colo. 

111 

1957-64 

8 

1,710 

7590 

Bijou  Cr.  near  Wiggins.  Colo. 

1,314 

1951-55 

5 

953.000 

7595 

So.  Platte  R.  at  Fort  Morgan,  Colo. 

14,810 

194448 

5 

1,827,0002 

124 

7600 

So.  Platte  R.  at  Balzac,  Colo. 

16,852 

194248 

7 

1,328,0002 

79 

7710 

Wood  River  near  Riverdale,  Nebr. 

379 

1948-51 

4 

37,900 

40,000'’ 

105 

7755 

Middle  Loup  River  at  Dunning,  Nebr. 

1,760 

1947-52 

1954 

7 

300,000* 

300,000® 

170 

7840 

South  Loup  R.  at  St.  Michael.  Nebr. 

2.560 

1946-53 

8 

800.00Q 

600,000® 

234 

7850 

Middle  Loup  R.  at  St.  Paul,  Nebr. 

7,720 

1946-53 

8 

2,640,000 

2,400,000® 

311 

7905 

North  Loup  River  near  St.  Paul,  Nebr. 

4.460 

1946-53 

8 

1,220.000 

1,250,000® 

280 

7935 

Beaver  Cr.  at  Loretto,  Nebr. 

311 

1947-50 

4 

71,700 

227 

8035 

Salt  Cr.  at  Lincoln,  Nebr. 

710 

1951-54 

4 

2,250,000^ 

1.500,000® 

2,iio 

8055 

Platte  R.  near  Ashland,  Nebr. 

85.500 

1940-51 

1953-63 

23 

14,963,000 

15,227.000® 

178 

■ Strvam  flow  imusually  low  in  this  period. 

2 Yield  affected  by  storage  in  Box  Butte  Re.servoir  and  by  large  noncontributing  areas. 

•?  Affected  by  storage  in  Rock  Creek  Reservoir,  and  by  mining  operations,  since  October  1961. 
Sediment  discharge  greatly  affected  by  storage  and  diversions. 

* Totai  sediment  load  about  500,000  tons  per  year,  (285  T/Y/Sq.  Mi.). 

* Partly  estimated. 

Records  considered  poor  to  fair. 
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uses 

SlatiM 

Number 

Subbun  Md  Location 

An* 

Mod 

or 

Record 

Years 

Yean 

or 

Record 

Average  AmHud  Sedmenl 

Period  oT 
Record 
Tons 

Standard 

Period 

1948-1963 

Tons 

Tons 

Per 

Sq.ML 

Grom 

JJ.ML 

ConliftiitbiR 

S4.ML 

MfaldteMbMNiriSuMMiiii 

6005 

Floyd  River  at  James,  Iowa 

882 

1955-56 

2 

45,065 

236.000 

268 

6020 

West  Fork  ditch  at  Holly  Springs,  Iowa 

399 

1958-63 

6 

403,000 

444.000 

1.112 

6024 

Monona-Karrison  ditch  near  Turin,  Iowa 

4,460 

1940-51 

12* 

5,313,000 

6075 

Little  Sioux  River  near  Turin,  Iowa 

4,460 

1940-51 

12' 

2,120,000 

1,777 

3,526 

196063 

4 

3,103,000 

880 

6072 

Maple  River,  Mapleton,Jowa 

669 

1940-51 

12 

1,936,000 

1.775.000, 

2.690 

6066 

Little  Sioux  River,  Correctionville,  Iowa 

2,500 

195062 

13 

687,000 

610,400 

244 

6067 

Little  Sioux  River,  Kennebec,  Iowa 

2,738 

.1940-57 

18 

2,368,000 

l.%9.806 

719 

6085 

Soldier  River,  Pis^,  Iowa 

407 

1941-51 

11 

4,189,000 

3,960,000 

9,500 

6095 

Boyer  River.  Logan,  Iowa 

871 

1945-51 

7 

7,378,000 

4,720,000 

5,430 

8100 

Nishnabotna  River,  Hamburg,  Iowa 

2,800 

1940-51 

12 

13,950,000 

10,200,000 

3,650 

8140 

Turkey  Creek,  Seneca,  Kans. 

276 

1950-54 

5 

1,004,000 

670,000 

2,425 

8150 

Nemaha  River,  Falls  City,  Nebr. 

1.340 

1950-63 

14 

5,862.000 

6,140,000 

4,580 

8090 

Davids  Creek,  Hamlin.  Iowa 

26 

1953-66 

14 

41,600 

1,560 

8080 

Mule  Creek,  Malvern,  Iowa 

10.6 

1955-59 

1962 

1964-66 

9 

23,900 

2.257 

8095 

E.  Nishnabotna  River,  Red  Oak,  Iowa 

894 

1964-66 

3 

2,832,000 

3,168 

I I*rior  to  January  1958,  part  or  alt  of  the  How  of  the  Little  Sioux  River  was  diverted  into  the  Monona-Harrison  ditch  above  Turin. 


Kansas  Subbasin 

8215 

Arikaree  River  at  Haigler,  Nebr. 

1,460 

1,330 

1948-51 

4 

159,000 

120 

8270 

S.  Fork  Republican  River  near  Colo,- 

Kansas  State  Line 

1,860 

1949-50 

1' 

8275 

S.  Fork  Republican  River  near  Benkleman, 

Nebr. 

2,580 

7002 

1962-63 

2 

1 10.300 

158 

8285 

Republican  River,  Stratton,  Nebr. 

7,940 

- - • 3 

1951 

1 

3,220,000 

1953-54 

2 

50,000 

8295 

Republican  River  at  Trenton,  Nebr. 

8,100 

. - . ^ 

1947-49 

3 

1,593,000 

19504 

1 

749.000 

8325 

Frenchman  Creek  near  Enders,  Nebr. 

1,300 

820 

1947* 

1 

29,000 

35 

8380 

Red  Willow  Creek  near  Red  Willow,  Nebr. 

710 

400 

1950-53 

4* 

344,000 

860 

8390 

Medicine  Creek  at  Maywood,  Nebr. 

207 

82 

1951-58 

8’ 

30,100 

367 

8395 

Brushy  Creek  near  Maywood,  Nebr. 

130 

72 

1951-58 

8^ 

67,000 

930 

8400 

Fox  Creek  at  Curtis,  Nebr. 

77* 

1951-58 

8’ 

72,700 

944 

8405 

Dry  Creek  near  Curtis,  Nebr. 

20* 

1951-58 

8’ 

59,000 

2,950 

8410 

Medicine  Creek  above  Harry  Strunk 

6 

Lake,  Nebr. 

1951-58 

3 

533,000 

8415 

Mitchell  Creek  above  Harry  Strunk 

5’ 

Lake,  Nebr. 

53* 

1952-57 

16 

31,700 

598 

84  30 

Medicine  Creek  at  Cambridge,  Nebr. 

1,070 

680 

1947-19 

3 

2,673,000 

3,920 

1952-56 

5» 

28,244 

8445 

Republican  River  near  Orleans,  Nebr. 

15,400 

...  10 

1948-63 

15 

1,966,000 

...  10 

84  50 

Sappa  Creek  near  Oberlin,  Kans. 

1,040 

1963 

1 

11,670 

11 

845  2 

Sappa  Creek  near  Beaver  City,  Nebr. 

1,500 

1948-51 

4 

379,000 

253 

8465 

Rc.m'r  Creek  at  Cedar  Bluffs,  Kans. 

1,710 

1962-63 

2 

57,700 

33 

8470 

Beaver  Creek  near  Beaver  City,  Nebr. 

2,060 

1951-53 

3 

122,000 

59 

84  75 

Sappa  Creek  near  Stanford,  Nebr. 

3,840 

1948-53 

6 

448,000 

117 

1 1949  Record  • affected  by  Bonny  Re.servoir  after  July  1950. 

^ 1 850  Sc).  Mi.  controlled  by  Bonny  Reservoir. 

^ A large,  unspecified  portion  of  the  drainage  is  non-contributing. 

^ Modified  by  Bonny  Reservoir  after  July  1950. 

* I’artly  estimated. 

* 1 950  records  estimated  for  Oct.  to  Dec. 

2 1951  records  estimated  for  Oct.  to  Dec. 

**  Approximate. 

9 Affected  by  storage  in  Harry  Strunk  Lake  after  Aug.  8,  1949. 

i®  Affected  by  Hatty  Strunk  Lake  (1950),  Bonny  Reservoir  (1951),  Hnders  Reservoir  (1951),  Swanson  Reservoir  (1954)  and  Red 
Willow  Reservoir  ( 1 962). 
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US(» 

StedM 

Number 

SMbIwtin  and  LocatitM 

Dtainaie  Aim 

Period 

of 

Ye» 

of 

Record 

Aveofe  Amiial  Sedweiit 

Period  of 
Record 
Tool 

StMdad 

Ibfiod 

1948-1963 

Tom 

Tom 

Per 

Sq.ML 

Gross 

Sq.ML 

Coo  tribu  ting 
Sq.Mi. 

Retold 

Yean 

KmneSi 

ibbaiin  (Condnned) 

S480 

Prairie  Dog  Creek  at  Norton,  Kans. 

721" 

1948-52 

5 

311,000 

432 

8495 

Republican  River  below  Harlan  County 

Dam.Nebr. 

20.750 

10 

1953-63 

11 

14,280 

1.428 

8505 

Republican  River  at  Bloomington,  Nebr. 

20,800 

...  12 

1948-52 

5 

5.739,000 

1953  A 

1962-63 

3 

293,000 

8530 

Republican  River  near  Guide  Rock,  Nebr. 

22.060 

...  13 

1961-63 

3 

328,000 

8535 

Republican  River  near  Hardy,  Nebr. 

22,400 

...  M 

1961-63 

3 

478,000 

8540 

White  Rock  Creek  at  Lovewell,  Kans. 

342 

342" 

1950-53 

4- 

640,000 

1,870 

8560 

Republican  River  at  Concordia,  Kans. 

23,540 

...  14 

1961-63 

3 

964,000 

8566 

Republican  River  at  Clay  Center,  Kans. 

24.570 

...  16 

1948-52 

5 

10,123,000 

...  14 

1953 

1 

805,000 

...  14 

1958-63 

6 

1,620,000 

8625 

Smoky  Hill  River  at  Ellis,  Kans. 

5,630 

5,630 

1948-50 

3 

611,000 

109 

8633 

Big  Creek  near  Ogallah,  Kans. 

297 

297 

1956-59 

A 1962 

5 

135,000 

455 

8645 

Smoky  Hill  River  at  Ellsworth.  Kans. 

7J80 

...  17 

1948-63 

16 

1,060,000 

8660 

Smoky  Hill  River  at  Lindsborg.  Kans. 

8.110 

253" 

1952-63 

12 

168,400 

666 

8669 

Saline  River  near  Wakeeney,  Kans. 

696 

6% 

1956-59 

4 

154,000 

221 

8670 

Saline  River  near  Russell,  Kans. 

1,502 

1,502 

1947-51 

5 

904,000 

602 

8675 

Paradise  Creek  near  Paradise,  Kans. 

212 

212 

1947-51 

5 

245.000 

1,150 

8685 

Wolf  Creek  near  Sylvan  Grove.  Kans. 

261 

261 

1948-50 

3 

115,000 

441 

8695 

Saline  River  at  Tescott,  Kans. 

2,820 

2,820 

1960-63 

4 

920,000 

326 

8705 

Smoky  Hill  River  at  New  Cambria, 

Kans. 

11,730 

...  19 

1963 

1 

141,000 

8718 

N.  Fork  Solomon  River  at  Kirwin,  Kans. 

1,360 

1,360“ 

1950-51 

2 

1,570,000 

1,150 

8725 

N.  Fork  Solomon  River  at  Downs,  Kans. 

2,390 

1,03o2' 

1962-63 

2 

430,000 

418 

8735 

S.  Fork  Solomon  River  near  Alton,  Kans. 

1,720 

1,720” 

1947-51 

5 

1,180,000 

754 

8740 

S.  Fork  Solomon  River  at  Osborne,  Kans. 

2,024 

...  22 

1962-63 

2 

227,000 

8760 

Solomon  River  at  Beloit,  Kans. 

5,530 

...23 

1949-52 

4 

3,660,000 

662 

8776 

Smoky  Hill  River  at  Enterprise,  Kans. 

19.200 

8,783“ 

1958-63 

6 

4,330,000 

493 

8810 

Big  Blue  River  near  Crete,  Nebr. 

2.716 

2.716 

1962- 

1 

535,940 

197 

8820 

Big  Blue  River  at  Barnston,  Nebr. 

4.420 

4720 

1960-63 

4 

1,886,000 

427 

8830 

Little  Blue  River  near  Dcwcese.  Nebr. 

1,140 

1,140 

1957-61 

5 

513,000 

495 

8845 

Little  Blue  River  at  Waterville.  Kans. 

3,330 

3,330 

1960-63 

4 

2,426,000 

729 

8860 

Big  Blue  River  at  Randolph,  Kans. 

9,100 

9,100 

1943-61 

19 

9,160,000 

1,008 

8875 

Kansas  River  at  Wamego,  Kans. 

55,240 

1958-63 

6 

13,276,000 

8880 

Vermillion  Creek  near  Wamego,  Kans. 

243 

243 

1959-63 

5 

336,200 

1,380 

8905 

Delaware  River  at  Valley  Falls,  Kans. 

922 

922 

1949-54 

6 

3,441,000 

3,730 

892.T 

Kansas  River  at  Bonner  Springs,  Kans. 

59,890 

1948-63 

16 

32,825,000 

’*684  sq.  mi.  after  October  I,  1961, 

Affected  by  five  major  upstream  re.servoirs  • Marian  County  Keservoir,  I J 1/2  miles  upstream,  closed  in  1952. 
1/4  mile  below  Courtland  Diversion  Dam. 
j Affected  by  Harlan  County  Dam  and  by  Courtland  Diversion. 

*Oct.  1949 -Jan.  1950  estimated. 

^ Affected  by  upstream  reservoirs. 

Cedar  Bluffs  Re.servoir  closed  Nov.  1950. 

Net  dr.ainage  below  Kanopniis  Reservoir  (clo.sed  1948). 

Affected  by  Kanopolis  Reservoir. 

Kirwin  Re.servoir  closed  1955. 

, ’ Drainage  below  Kirwin  Reservoir. 

"Webster  Re.servoir  closed  1956 

This  station  subsequently  affected  by  Kirwin  and  Webster  Re.servoirs. 

Area  below  Kirwin,  Webster  and  Kanopolis  Reservoirs. 
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uses 

SlatiM 

Nuiiibu 

SaUaiia  aad  LocatiiM 

DninageAfca 

Mod 

or 

Rocoid 

Ycon 

SI 

Avagge  AomhI  Sedimenl 

Mod  or 
Rceotd 

Toms 

Sttndmd 

Phriod 

1948-1963 

Tons 

Tons 

Pet 

Sq.Mi. 

Gtoas 

Sg.Mi. 

ContrihsHing 

Sg.ML 

■i 

Mbaouri  River  at  Kaiuas  City.  Mo. 

1949-63 

149.510,000 

308 

Mbfouri  River  at  Boonville,  Mo. 

1949-51 

19 

349,899,000 

9345 

Miuouri  River  at  Hermann,  Mo. 

1949-63 

19 

155,936,000 

295 

8970 

E.  Fork  Big  Creek,  Bethany,  Mo. 

95 

1949-59 

19 

60,900 

84,156 

886 

8975 

Grand  River,  Gallatin,  Mo. 

2,250 

1948-51 

■9 

4,051,500 

4,669,000 

2,075 

Thompson  River,  Davis  City,  Iowa 

701 

1950-54 

5 

1,094,500 

1,012,000 

1,444 

8995 

Thompson  River,  Trenton,  Mo. 

1,670 

1943-51 

9 

7,964,600 

6,210,000 

3,718 

9040 

Charlton  River,  Centerville,  Iowa 

708 

5 

276,100 

357,800 

505 

Honey  Creek,  Russell,  Iowa 

13.2 

1953-62 

4,440 

343 

9125 

1 10-Mile  Creek,  Quenemo,  Kans. 

321 

1949-54 

6 

447,380 

341,313 

1,063 

9150 

Big  Bull  Creek,  Hillsdale,  Kans. 

147 

1949-53 

5 

179,200 

938 

9175 

Marmaton  River,  Fort  Scott,  Kans. 

411 

1950-54 

5 

223,560 

187450 

456 

9190 

Sac  River.  Stockton,  Mo. 

1,160 

1950-54 

5 

209,920 

165,413 

142 

9195 

Ced,r  Creek,  Pleasant  View,  Mo. 

420 

1950-53 

4 

118,150 

92,300 

220 

9205 

Osage  River,  Osceola,  Mo. 

8,220 

1943-51 

9 

5,404,400 

3,104,000 

378 

9215 

Pomme  de  Terre  River,  Hermitage,  Mo. 

635 

1943-51 

9 

402,400 

191,000 

292 

9220 

South  Grand  River,  Brownington,  Mo. 

1,660 

1943-51 

9 

1,605,200 

817,600 

493 

9335 

Gasconade  River,  Jerome,  Mo. 

2,840 

1943-51 

9 

934,800 

386,900 

136 

that  such  work  will  immediately  reduce  the  sediment 
yield  appreciably  from  areas  in  excess  of  about  10 
square  miles  unless  it  includes  channel  installations  to 
control  severe  channel  erosion  or  gully  head-cutting. 

In  the  case  of  structures  controlling  only  channel 
bank  erosion  or  channel  degradation,  the  effect  on 
downstream  yield  'rom  areas  in  excess  of  10  square 
miles  will  probably  not  be  appreciable.  If  these  struc- 
tures are  ponding  or  detention  works,  they  may  reduce 
the  yield  somewhat  for  a year  or  more,  but  not  for  an 
extended  period.  If,  however,  they  actually  control  a 
severe  head-cutting  condition,  they  may  signiftcantly 
reduce  the  yield  from  moderately  sized  drainages; 
perhaps  up  to  about  SO  square  miles.  With  larger 
drainages  it  becomes  increasingly  difficult  to  control  all 
of  the  erosion  areas,  and  the  effect  on  downstream  yield 
decreases.  Analysis  of  the  individual  areas  of  a given 
drainage  is,  of  course,  required  for  a rational  estimate  of 
the  problem. 

Reservoir  projects  will  reduce  the  sediment  yield  by 
varying  degrees,  both  in  time  and  quantity,  depending 
upon  their  size  in  relation  to  the  water  inflow,  sediment 
yield  at  the  point  of  their  location,  and  the  proportion 
of  the  sediment-producing  area  of  the  drainage  actually 
controlled.  Small  reservoirs  or  detention  ponds,  indi- 
vidually, may  have  a limited  life  and  moderate  trap 
efficiency;  on  the  other  hand,  the  great  number  of  stock 
ponds  in  range  country  has  caused  a considerable 
reduction  of  sediment  yield.  Although  they  usually  have 
a short  life,  they  arc  continually  replaced  or  rebuilt. 
Farm  ponds  in  humid  areas  have  a similar  effect. 

Larger  reservoirs,  currently,  are  generally  designed 
with  sediment  storage  capacity  to  retain  essentially  all 


the  inflowing  sediment  for  a period  of  l(X)  years.  At  the 
end  of  this  period  the  sediment  will  encroach  on  storage 
provided  for  other  purposes,  but  will  continue  to  be 
retained;  thus,  it  is  practical  to  assume  that  the  drainage 
above  the  reservoir  will  no  longer  contribute  to  the 
sediment  yield  downstream. 

This  reduction  in  yield  will  be  tempered  by  degrada- 
tion of  the  channel  downstream^  depending  on  charac- 
teristics of  the  channel  and  of  the  controlled  project 
releases.  This  is  normally  a process  of  decreasing 
intensity,  however,  and  should  be  treated  as  a total 
volume  expected  to  be  removed  before  the  channel  again 
stabilizes  rather  than  as  a continuous  yield.  Rarely, 
characteristics  of  the  area  might  be  such  that  down- 
stream channel  degradation  could  trigger  tributary  head- 
cutting, but  such  an  event  should  be  predictable  and 
considered  in  project  design.  It  is  also  possible  that 
regulation  of  the  flow  would  reduce  the  total  transport 
capacity  of  the  stream  so  that  sediment  contributions 
from  downstream  tributaries  could  not  be  entirely 
transported  through  the  system.  This  would  result  in 
reducing  the  net  yield  by  aggradation  of  the  channel.  In 
most  instances,  however,  it  is  probable  that  a readjust- 
ment of  the  channel  characteristics  would  restore  it  to 
balance. 

Irrigation  projects  which  divert  water  from  a stream 
also  tend  to  reduce  the  downstream  transport  capacity. 
In  extreme  cases  where  a large  proportion  of  the  flow  is 
diverted,  aggradation  of  the  stream  with  a consequent 
reduction  in  net  downstream  yield  may  occur.  Land 
levelling  for  irrigation  and  better  land  management  is 
effective  in  reducing  erosion  and  sedimentation.  Essen- 
tially, this  reduces  tlie  grade  and  lowers  the  velocity  of 
runoff. 
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FIGURE  22 


UPPER  MISSOURI  RIVER  TRIBUTARIES 
SEDIMENT  YIELD 

FOt  DRAINAGES  IN  EXCESS  OF  100  SQUARE  MILES 
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NOTE;  FIGURES  ARE  ESTIMATED  RANGE  OF 

SEDIMENT  YIELD  FOR  DRAINAGE  AREAS 
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FIGURE  24 
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FIGURE  25 

EASTERN  DAKOTA  TRIBUTARIES 
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FIGURE  28 

KANSAS  RIVER 
SEDIMENT  YIELD 
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FIGURE  29 

LOWER  MISSOURI  RIVER  TRIBUTARIES 
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MISSOURI  RIVER  MAIN  STEM  SEDIMENT 

In  its  natural  states  the  Missouri  River  transported  a 
sediment  load  inaeasing  from  an  average  of  2S  million 
tons  per  year  in  the  vicinity  of  Fort  Peck,  Mont.,  to  150 
million  tons  per  year  at  Yankton,  S.  Dak.,  175  million 
tons  per  year  at  Omaha,  Nebr.,  and  approximately  250 
million  tons  per  year  at  Hermann,  Mo.,  near  its 
confluence  with  the  Mississippi  River.  With  the  construc- 
tion of  each  of  the  main  stem  dams,  beginning  with  the 
closure  of  the  Fort  Peck  Dam  in  1936,  the  sediment 
entering  each  of  the  respective  reservoirs  was  trapped. 
The  flow  released  from  the  reservoirs  was  clear  and 
essentially  free  from  sediment,  arid  the  downstream  load 
was  derived  from  downstream  tributary  contributions 
and  from  material  eroded  from  the  bed  and  banks  of  the 
river.  Currently,  the  river  from  the  head  waters  of  the 
Fort  Peck  Reservoir  to  the  Gavins  Point  Dam  near 
Yankton,  S.  Dak.,  is  almost  fully  controlled  by  the  main 
stem  dams.  Beginning  at  Gavins  Point,  the  lowermost 
dam,  the  main  stem  of  the  Missouri  begins  anew  as  a 
sediment  free  stream.  It  begins  immediately  to  derive  a 
new  load  from  erosion  of  the  bed  and  banks  and  from 
tributary  streams,  but,  to  date,  the  sediment  transport  in 
the  river  from  the  Gavins  Point  Dam  to  the  mouth  is  but 
a small  portion  of  its  previous  load. 

It  is  impossible  at  this  time  to  isolate  the  exact  effects 
of  the  various  factors  involved  in  this  reduction  of 
transport.  Erosion  of  the  bed  cannot  be  evaluated 
because  the  length  of  channel  involved  is  such  that 
lowering  of  the  bed  is  too  small  to  be  measured  even 
though  the  total  quantity  of  material  moved  might  be 
appreciable.  The  banks  of  the  river  below  Sioux  City  are 
almost  completely  armored,  although  there  has  been  an 
appreciable  movement  and  deposition  of  bank  material 
due  to  channel  regulation  works.  A major  factor  in  the 
reduction  of  sediment  load  carried  by  the  Missouri  River 
has  been  the  fact  that  the  decade  during  the  I950’s 
approached  drought  conditions,  and  this,  coupled  with 
the  requirement  for  withholding  water  to  fill  the 
reservoirs,  reduced  the  flow  to  about  one-half  the 
normal  average  discharge.  In  addition,  the  flood  flows 
from  the  upper  Missouri  River  have  been  eliminated  and 
discharges  from  Gavins  Point  have  been  reasonably 
constant. 

There  are  two  major  tributaries  to  this  downstream 
reach,  the  Platte  River  and  the  Kansas  River.  The  Kansas 
is  partially  regulated  by  tributary  reservoirs,  but  again  it 
is  impossible  to  assess  the  exact  effect  of  these  reservoirs 
on  the  sediment  carried  by  the  Missouri  River.  The 
mining  of  sand  and  gravel  in  the  lower  15  miles  of  the 
Kansas  River  has  lowered  the  low  flow  stage  by  about 
one-half  foot  per  year  since  1952,  and  this,  coupled  with 
flow  regulation  by  upstream  reservoirs  has  virtually 
eliminated  contribution  of  sand-size  and  larger  sediments 
from  the  Kansas  River.  The  Kansas  River  contributes 


about  a fourth  of  the  sediment  load  presently  carried  by 
the  Missouri  River  at  Kansas  City.  The  Platte  River 
sediment  load  varies  markedly  from  year  to  year,  but,  in 
the  years  since  closure  of  the  first  main  stem  dam,  has 
provided  about  half  as  much  sediment  to  the  Miswuri 
River  as  in  the  Missouri  above  the  mouth  of  the  Platte 
River. 

Analysis  of  the  sediment  transport  in  the^  Missouri 
River  at  Omaha  shows  that  the  load  is  composed  of 
about  70  percent  sand-size  material  whereas  this  fraction 
was  only  about  30  percent  of  the  total  prior  to  closure 
of  the  upstream  dams  and  armoring  of  the  channel  bank 
below  Sioux  City,  la.  Subsequent  to  closure  of  the  Fort 
Randall  Dam  in  1952,  the  total  suspended  load  at 
Omaha  has  been  relatively  consistent  at  approximately 
25  million  tons  per  year,  versus  the  long-term  average  of 
175  million  tons  per  year  or  the  average  of  approxi- 
mately 150  million  tons  per  year  during  the  period 
1940-1954.  -Subsequent  to  1953,  there  has  been  a 
relatively  consistent  increase  in  the  transport  of  sand-size 
material  from  a low  of  1 1 million  tons  per  year  to 
20  million  per  year,  a phenomenon  which  is  difficult  to 
explain  on  the  basis  of  streamflow,  although  there  has 
been  a small  but  reasonably  consistent  increase  in  annual 
discharge  during  that  period.  It  may  be  noted  that  total 
sediment  load  in  1940,  a year  when  discharge  was 
somewhat  less  than  that  during  the  period  subsequent  to 
1954,  was  139  million  tons,  with  the  sand-size  load 
being  about  equal  to  the  later  period.  It  is  dangerous  to 
make  comparisons  on  the  basis  of  any  one  year; 
however,  it  appears  that  the  sand  load,  in  relation  to 
annual  discharge,  has  not  been  substantially  affected  by 
the  upstream  dams  and  that  the  reduction  in  transport  is 
primarily  a matter  of  reduction  in  silt-  and  clay-size 
sediments,  there  is  some  evidence  that  the  finest  sand 
fractions  are  being  removed  from  the  channel  bed  by  a 
process  of  selective  degradation;  however,  the  available 
data  are  not  yet  conclusive. 

With  respect  to  the  reaches  of  the  river  between  the 
main  stem  dams,  the  current  sources  of  sediment  arc 
erosion  of  the  bed  and  banks  and  tributary  contri- 
butions. Degradation  of  the  channel  below  each  dam  is 
resulting  in  a progressive  armoring  of  the  bed,  so  that 
this  source  of  sediment  will  be  available  for  only  a few 
more  years  except  for  those  periods  when  reservoir 
releases  considerably  in  excess  of  those  generally  made 
in  the  past  may  be  necessary.  Bank  erosion  is  continuing 
in  some  areas  between  the  Fort  Peck  and  Garrison  Dams 
and  the  Garrison  and  Oahe  Dams;  however,  some  bank 
protection  works  are  being  constructed  in  the  latter 
reach.  There  is  only  a very  short  reach  of  open  river 
between  the  Oahe  and  Big  Bend  Reservoirs  and  none 
between  the  Big  Bend  and  Fort  Randall  Reservoirs.  No 
appreciable  bank  erosion  has  been  noted  between  the 
Fort  Randall  and  Gavins  Point  pools.  There  has  been  no 
consistent  change  in  tributary  sediment  contributions 
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except  that  the  load  of  the  Heart  Rim  has  been 
decreased  substantially,  apparently  as  a result  of  reser- 
voirs reasonably  close  to  tlw  mouth. 


Sediment  disdiarges  at  selected  locations  on  the 
Missouri  River  and  major  tributaries  are  listed  in  table  9. 


Table  9 - ANNUAL  SEDIMENT  DISCHARGES  t-  MISSOURI  RIVER  AND  MAJOR  TRIBUTARIES 
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•See  Table  1 5 for  date  of  closure  of  main  stem  and  major  tributary  reservoirs  which  may  have  affected  sediment  load  at  downstream 
stations. 
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CHAPTER  6 


SURFACE  WATER  AVAILABILITY 


COMPILATION  OF  HISTORIC 
RUNOFF  DATA 

Records  of  Streamflow 

The  first  streamflow  measurement  recorded  in  the 
Missouri  River  Basin  was  a flood  measurement  on  Clear 
Creek  at  Golden,  Colo.,  in  June  1876.  The  first 
streamgaging  station  in  the  basiri  was  established  by  the 
State  of  Colorado  on  the  Cache  la  Poudre  River  near 
Fort  Collins.  This  station  was  equipped  with  a water- 
stage  recorder  in  1884,  it  has  continued  in  operation 
since  that  time,  and  it  is  believed  to  be  the  oldest 
recording  station  in  the  United  States.  The  longest 
continuous  record  of  streamflow  in  the  Missouri  River 
Basin,  however,  is  for  the  Osage  River  near  Bagnell,  Mo., 
where  records  are  available  since  1880.  Measurements  of 
streamflow  In  the  basin  by  the  U.  S.  Geological  Survey 
were  begun  in  1889  in  Montana.  The  work  was 
expanded  to  Nebraska  in  1891,  to  Kansas  and  Wyoming 
in  1895,  to  Colorado  in  1897,  to  North  Dakota,  South 
Dakota  and  Missouri  in  1903,  and  to  Iowa  in  1917. 

Despite  a slow  and  erratic  start,  collection  of  stream- 
flow  records  in  the  Missouri  Basin  expanded  with 
agricultural  and  industrial  development  to  a network  of 
about  900  active  streamflow  stations  in  the  mid-1960’s 
when  the  comprehensive  framework  study  was  begun. 
At  that  time,  records  were  available  for  about  l,8(K) 
stations,  about  half  of  which  were  then  in  operation  and 
about  half  of  which  had  been  discontinued.  Periods  of 
record  ranged  from  less  than  5 years  to  more  than  80 
years  and  averaged  about  25  years.  Records  for  the 
entire  network  were  available  primarily  in  the  annual 
water-supply  papers  published  by  the  U.  S.  Geological 
Survey. 

Selection  of  Streamflow  Stations  for 
Data  Analysis 

Because  of  their  great  volume,  analysis  of  all  of  the 
streamflow  records  available  in  the  basin,  as  a part  of  the 
framework  study  was  impracticable,  and  it  was  necessary 
to  select  a manageable  portion  of  the  records  for  this 


purpose.  In  all,  records  of  483  stations  within  the  basin 
and  of  57  peripheral  stations  adjacent  to  the  basin  on 
the  south  and  east  were  selected  for  detailed  analysis. 
Selection  was  based  on  several  criteria,  including  length 
of  record,  degree  of  streamflow  control  exerted  by 
existing  reservoir  projects  arid  streamflow  diversions, 
attainment  of  representative  areal  coverage,  and  study 
data  needs  of  the  several  Federal  agencies  and  states 
involved  in  the  framework  study. 

in  general,  records  were  selected  for  analysis  only  if 
the  period  of  record  exceeded  10  years,  but  records  for  a 
shorter  period  were  included  in  some  cases  to  obtain 
proper  areal  coverage  or  to  provide  more  detailed  data 
for  small  areas.  To  the  extent  practicable,  records  were 
selected  for  gaging  stations  relatively  unaffected  by 
man-made  controls  such  as  reservoirs  or  levees;  but  in 
some  areas,  water  resources  development  has  already 
progressed  to  the  point  that  unaffected  records  are  not 
available.  In  such  areas,  preference  was  given  to  records 
for  gaging  stations  with  development  effects  that  had 
been  relatively  constant  throughout  the  period  of  record 
and  records  for  stations  with  variable  development 
effects  were  selected  for  analysis  only  where  better 
records  were  not  available.  Also,  in  some  cases  where 
major  upstream  reservoirs  were  constructed,  streamflow 
records  were  split  into  two  parts  for  analysis,  before  and 
after  reservoir  construction.  Locations  of  the  540 
streamgaging  stations  whose  records  were  selected  for 
analysis  are  shown  on  plate  1 2. 

Streamflow  Data  Processing 

In  connection  with  previous  streamflow  studies,  the 
U.  S.  Geological  Survey  had  established  a procedure  for 
processing  daily  streamflow  records  by  electronic  com- 
puters to  obtain  statistical  summaries  of  higit  flows,  low 
flows,  and  flow  durations.  The  procedure  involved 
punching  IBM  cards  for  daily  discharges  for  each  day  of 
record  for  each  of  the  540  stations  selected  for  analysis. 
In  total,  about  14,000  station  years  of  data  were 
punched,  transferred  to  magnetic  tape,  and  processed  by 
computers  to  obtain  station  summaries  and  tabulated 
similar  to  table  10  for  Little  Beaver  Creek  near 
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Table  10  - EXAMPLE  OF  STREAMFLOW  TABULATIONS 
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Maimarlh.  N.  Dak.  Similar  printouts  were  prepared  tor 
each  of  the  540  stations  and  were  bound  in  .separate 
volumes,  one  volume  for  each  subbasin,  to  form  a back- 
ground data  soui&e  for  sub^quent  studies. 

Flowr-Duration  Relationships 

The  How-duration  tabulations  show,  for  each  water 
year,  the  number  of  days  with  discharges  within  each  of 
some  20  to  35  class  intervals  of  streamflow.  The  selected 
class  interval  limits  are  listed  in  a separate  tabulation, 
along  with  the  total  number  of  occurrences  in  each  class 
interval,  the  accumulated  total,  and  the  percent  of  time 
during  the  period  of  record  that  the  lowest  di^harge  in 
each  class  was  either  equalled  or  exceeded.  Table  10, 
compiled  from  computer  printouts,  contains  a sample 
duration  table  of  daily  discharge. 

High-Flow-Set|uence  tabulations 

Streamflow  records  were  also  processed  by  computer 
to  obtain,  for  each  station,  a high-flow-sequence  tabu- 
lation showing  the  highest  mean  discharge  for  periods  of 
1,  3,  7.  15,  30,  60,  90,  120,  150,  183,  and  274 
consecutive  days  in  each  water  year.  The  maximum 
instantaneous  also  is  presented  for  each  year  where 
available,  as  is  the  mean  annual  discharge  for  the  water 
year.  A sample  high-flow-sequence  tabulation,  for  Little 
Beaver  Creek  near  Marmarth,  N.  Dak.,  is  also  shown  in 
table  10. 

Low-Flow-Sequence  Tabulations 

Also  obtained  by  computer  were  low-flow-scquence 
tabulations  showing  the  lowest  mean  discharge  for 
periods  of  1,  3,  7,  14,  30,  60,  90,  120,  150,  183,  and 
274  consecutive  days  in  each  climatic  year.  The  year 
beginning  April  1 was  used  for  processing  low-flow  data 
because  a general  flow  recession  usually  begins  in  the 
.summer  months  and  may  persist  through  the  winter 
months.  If  the  water  year  ending  .September  30  were 
used,  a single  low-flow  period  might  be  reported  as  two 
separate  events,  A sample  low-flow-sequence  tabtdation, 
for  Little  Beaver  Creek  near  Marmarth.  N.  Dak.,  is  also 
shown  in  table  1 0. 

Mean  Annual  Runoff 

Runoff  which  enters  Missouri  River  Basin  streams 
varies  widely  from  place  to  place  and  from  year  to  year. 
In  large  parts  of  the  northern  and  western  plains  area, 
average  annual  runoff  is  less  than  one  inch.  In  contrast, 
average  annual  runoff  approaches  15  inches  in  the 


southeastern  part  of  the  basin,  and  it  exceeds  20  inches 
in  some  areas  along  the  rhountainous  western  rim  of  the 
basin. 

Generalized  estimates  of  mean  annual  runoff  in  the 
Missouri  River  Basin  are  presented  on  plate  13.  These 
estimates  were  based  on  average  annual  runoff  for  the 
period  of  record  at  the  streamgaging  stations  selected  for 
detailed  analysis,  supplemented  by  data  from  other 
stations  in  some  areas.  Actual  data  for  preparation  of  the 
map  were  taken  from  the  latest;  available  U.  S.  Geolog- 
ical Survey  Surface  Water  Records  Report  for  each  basin 
state,  which  was  generally  for  the  1964  water  year  at  the 
time  titese  studies  were  made.  Drainage  areas  above  each 
gaging  station  also  were  obtained  from  these  same 
publications. 

Streamflow  records  at  the  stations  used  varied  in 
length  from  about  10  years  to  over  50  years.  In  order  to 
reconcile  these  differences  in  period  of  record,  about  30 
so-called  pivot  stations  with  periods  generally  in  excess 
of  40  years  were  selected.  Historical  mean  annual  runoff 
values  at  all  other  stations  were  compared  with  runoff 
values  during  common  periods  at  appropriate  pivot 
stations  and  were  then  adjusted  for  consistency  with  the 
pivot  station  records. 

In  construction  of  the  mean  annual  runoff  map, 
major  emphasis  was  given  to  runoff  data  for  small-area 
gaging  stations.  Therefore,  the  map  as  constructed 
represents  runoff  from  the  land  surface  into  small 
streams  and  does  not  recognize  losses  that  occur  due  to 
evaporation,  evapotranspiration,  bank  infiltration,  and 
consumptive  use  as  these  flows  move  downstream. 
Therefore,  runoff  values  shown  by  the  map  for  the  larger 
basins  are  somewhat  higlier  than  values  obtained  by 
consideration  of  gaging  stations  for  the  larger  areas. 

FLOODS 

Peiiodic  heavy  runoff,  at  rates  high  enough  to 
produce  flooding  is  characteristic  of  almost  all  parts  of 
the  Missouri  Basin,  even  those  where  average  annual 
rainfall  amounts  arc  least.  Flood  runoff  constitutes  a 
significant  portion  of  the  basin’s  surface  water  supply 
and  the  magnitude  of  flood  flows  is  a signifleant  factor 
in  design  of  water  resources  development  projects. 

Floods  in  the  Missouri  Basin  may  be  the  result  of 
intcncc  or  prolonged  rainfall,  melting  of  the  winter's 
snow  cover,  or  a combination  -of  these  phenomena. 
Rainfall  floods  arc  the  most  frequent.  Flash  flooding, 
caused  by  local  cloudburst-type  rainfall,  is  experienced 
in  all  parts  of  the  basin  during  the  summer  months. 
General  floods,  caused  by  piolongcd  rainstorms  of 
greater  areal  extent,  are  most  frequent  in  the  spring  and 
summer  months  in  the  more  humid  lower  portion  of  tiie 
basin,  but  they  occur  also  in  the  hilly  and  mouni.unous 
areas  of  the  western  basin  in  late  spring  and  early 
summer.  Floods  resulting  from  melt  of  the  plains  snow 
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cover  are  most  frequent  in  the  plains  area  of  the  upper 
and  middle  basin.  General  floods  due  to  melting  of  the 
mountain  snow  accumulation  alone  are  uncommon,  but 
mountain  snowmelt  becomes  a major  factor  when  heavy 
rainstorms  occur  during  the  snowmelt  period. 

Flood-Producing  Storms 

The  amount  of  precipitation,  either  rain  or  snow,  that 
any  particular  locality  within  the  Missouri  Basin  may 
experience  during  a storm  or  series  of  storms  is  a 
function  of  the  atmospheric  hioisture  present  and  the 
rate  and  duration  of  vertical  lifting  of  the  air  niass.  The 
basin  experiences  all  of  the  storm  mechanisms  recog- 
nized as  lifting  processes  ~ frontal  lifting,  lifting  due  to 
convergence  associated  with  a low  pressure  center  or  a 
pressure  trougli,  upslope  and  orographic  lifting  in  the 
mountainous  areas,  air  mass  convective  instability,  and 
squall  lines.  The  primary  source  of  moisture  for  all 
storms  is  the  Gulf  of  Mexico. 

Flood-producing  storms  in  the  Missouri  River  Basin 
may  be  classified  synoptically  into  three  types.  In  storms 
of  the  first  type,  the  basin  is  under  the  influence  of  a 
cool,  higli-pressiire  area  of  modified  maritime  polar  or 
continental  polar  air.  Moist  tropical  air  from  the  Gulf  of 
Mexico  is  brought  into  the  basin  by  circulation  of  a 
low-pressure  area  in  the  southwestern  portion  of  the 
United  States.  Overrunning  of  the  cool  high  pressure  by 
the  moist  air  mass  together  with  the  westward  upslope. 
of  the  basin  produce  sufficient  lift  to  cause  precipita- 
tion. Moisture  content  of  the  tropical  air  mass  and  the 
velocity  and  duration  of  the  moist  air  inflow  determine 
the  amount  and  intensity  of  the  rainfall  or  snowfall 
produced. 

In  storms  of  the  second  type,  a persistent  pressure 
trough  oriented  in  an  approximate  north-south  direction 
between  the  Pacific  Ocean  and  the  Rocky  Mountains 
produces  a southerly  flow  of  air  on  the  east  side  of  the 
trough.  Moisture  is  brought  into  the  basin  at  the  same 
time  from  the  Gulf  of  Mexico,  or  in  rare  cases,  from  the 
Pacific  Ocean  west  of  Mexico.  Storms  of  this  type  occur 
(luring  the  summer  when  the  Bermuda  high  is  strong 
enough  to  penetrate  the  south-central  part  of  the  United 
States  and  cause  stagnation  of  the  western  trough  for 
several  days.  The  per.sislence  of  this  pattern  causes  a 
continual  inflow  of  unstable  air  which  eventually  results 
in  numeious,  locally  inten.se  thunderstorms. 

Storms  of  the  third  type  are  caused  by  migratory 
frontal  systems  moving  into  the  basin  from  the  west.  If 
maritime  tropical  air  is  present  or  if  the  front  stagnates 
ui'‘il  tropical  air  is  transported  into  the  basin  from  the 
Gulf  of  Mexico,  precipitation  results.  Precipitation  may 
occur  on  either  side  of  the  cold  front  and  is  often 
intensified  by  the  movement  of  a stable  cyclone  wave 
south  of  the  aiea  of  occuriing  precipitation.  Storms  of 
the  third  type  are  more  frequent  than  storms  of  the 


other  two  types.  They  occur  most  frequently  during  the 
winter,  and  precipitation  is  in  the  form  of  snow'. 

Because  of  the  significance  of  flood  flows  in  design  of 
water-resources  development  projects,  hydrometeoro- 
logical investigation  of  some  160  flood-producing  storms 
in  the  Missouri  Basin  has  been  accomplished,  involving 
compilation  of  published  and  unofficial  precipitation 
data,  preparation  of  mass  curves  of  rainfall,  and  deriva- 
tion of  rainfall  depth  duration  relationships.  Locations 
of  and  pertinent  data  for  representative  major  rainfall 
storms  that  have  occurred  are  shown  by  figure  30.  It  is 
interesting  to  note  that  the  storm which  centered  near 
Holt.  Mo.,  during  the  period  of  June  18-23,  1947, 
established  a world  record  for  rainfall  intensity  when  1 2 
inches  of  rain  fell  in  42  minutes  at  Holt. 

Major  flood-producing  storms  in  which  precipitation 
was  primarily  in  the  form  of  snowfall  also  have  occurred 
in  the  Missouri  River  Basin.  One  of  the  more  notable  was 
that  associated  with  the  floods  of  April  1052  on  the 
Missouri  River,  the  Mississippi  River,  and  the  Red  River 
of  the  North.  The  water  equivalent  . pattern  of  the  snow 
cover  over  the  Missouri  Basin  plains  area,  as  determined 
by  a survey  during  March  17-20,  1952,  is  shown  by 
figure  31.  Rapid  melting  of  this  snow  pack  and 
associated  ice  jams  resulted  in  the  maximum  flood  of 
record  along  the  Missouri  River  from  Williston,  North 
Dakota,  to  just  above  the  mouth  of  the  Kansas  River. 

Floods  of  Record 

Description  of  the  many  major  floods  that  have 
occurred  in  the  Missouri  Basin  is  beyond  the  scope  of 
this  appendix.  Publications  exist  in  which  such  material 
is  presented.  Among  these  are  annual  flood  reports 
prepared  by  the  Corps  of  Engineers,  U.  S.  Geological 
Survey  Water  Supply  Papers  summarizing  flood  events 
for  specific  years,  and  special  reports  prepared  by  these 
agencies,  the  U.  S.  Weather  Bureau  and  other  Federal 
agencies,  and  the  states  involved. 

Some  flood  events,  however,  have  been  so  notable  as 
to  warrant  specific  mention.  The  1881  flood  in  the 
upper  Missouri  River  Basin  and  the  1844  and  1903 
floods  in  the  lower  basin  produced  crest  stages  and  peak 
discharges  which,  at  some  locations,  have  not  since  been 
exceeded.  The  1927  flood  on  the  .Missouri  River, 
resulting  from  a combination  of  mountain  snowmelt  in 
the  upper  basin  and  heavy  rainfall  in  the  central  and 
lower  basin,  is  notable  because  of  its  great  flood  volume. 
The  1950  and  1952  early  spring  floods  were  outstanding 
examples  of  major  floods  caused  almost  entirely  by 
ntelting  of  the  plains  snow  cover.  Intense  rainstorms  of 
relatively  short  duration  caused  the  great  1935  flood  on 
the  upper  Republican  River,  the  severely  damaging  1965 
flood  in  northeastern  Colorado,  and,  in  conjunction  with 
residual  mountain  snowmelt,  the  severe  1964  floods  in 
northwestern  Montana.  The  1951  floods  in  eastern 
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FIGURE  30 

LOCATION  AND  PERTINENT  DATA  FOR 
MAJOR  HISTORICAL  STORMS 
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WATER  EQUIVALENT  OF  PLAINS 
SNOW  COVER  IN  INCHES 
17-26  MARCH  1952 


Kansas  and  in  Missouri  were  outstanding  examples  of 
floods  resulting  from  a prolonged  series  of  rainstorms. 

Travel  Time  of  Flood  Peaks 

In  connection  witlt  analyses  of  streamflow  on  the 
Missouri  River  as  well  as  on  tributary  streams,  time  of 
water  travel  is  a significant  factor.  Tlic  approximate 
travel  time  of  a Hood  wave  fiom  various  locations  in  the 
basin  to  tlie  mouth  of  tlie  Missouri  River  is  shown  by 
plate  14.  The  travel  times  shown  are  based  on  bankfull 
conditions  and  on  the  assumption  that  the  flood  wave 
will  be  passed  through  any  reservoir  in  the  basin  as  it 
occurs.  Substantial  deviations  from  the  travel  limes 


shown  by  this  plate  may  occur  if  flows  are  significantly 
greater  or  significantly  less  than  bankful!.  The  approxi- 
mate travel  times  shown  are  based  on  data  obtained 
thiough  observation  of  actual  Hood  events  or,  where 
sucli  data  were  not  available,  on  information  furnished 
by  the  Weather  Ihireau.  the  Bureau  of  Reclamation,  and 
the  Corps  of  Engineers  concerning  cliannel  character- 
istics. 

Record  Peak  Flows 

Peak  llows  of  record  in  cubic  feel  per  second  per 
square  mile  of  drainage  area  at  streamgaging  stations  and 
other  selected  sites  throughout  the  Missouri  Basin  are 
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shown  by  plate  IS.  For  a given  size  of  drainage  area 
there  is  an  obviously  wide  range  of  peak  flow.  Variations 
in  precipitation,  topography,  and  soil  are  the  primary 
factors  responsible  for  this. 

DROUGHTS  AND  LOW  FLOWS 

A drought  is  an  extended  period  of  deficient  precipi- 
tation and  runoff.  However,  it  has  no  universally 
accepted  quantitative  definition.  As  stated  in  U.  S. 
Weather  Bureau  Research  Paper  No.  45,  “Meteorological 
Droughtj”  by  Wayne  C.  Palmer,  1965,  “Drouglit  means 
various  thii^s  to  various  people,  depending  on  their 
specific  interest.  To  the  farmer,  drouglit  means  a 
shortage  of  moisture  in  the  root  '/one  of  his  crops.  To 
the  hydrologist,  it  suggests  below  average  water  levels  in 
streams,  lakes,  reservoirs,  and  the  like.  To  the  economist 
it  means  a water  shortage  which  adversely  affects  the 
established  economy.  Each  has  a concern  which  depends 
on  the  effects  of  a fairly  prolonged  weather  anomaly.” 

Historical  precipitation  and  runoff  records  for  the 
Missouri  Basin  show  that  the  basin  is  subject  to  a wide 
variety  of  drought  conditions,  ranging  from  short-term 
drought  in  small  areas  to  long-term,  widespread  droughts 
such  as  plagued  the  entire  basin  in  the  1930’s.  No 
attempt  has  been  made  in  this  appendix  to  establish 
arbitrary  criteria  by  which  drought  severity  might  be 
judged.  Rather,  in  the  drouglit  and  low-flow  studies  in 
connection  with  the  comprehensive  framework  plan, 
emphasis  has  been  ^placed  on  determination  of  the 


probabilities  of  recurrence  of  historical  drought  periods 
and  of  the  ability  of  resultant  low  streaniflows  to  meet 
water  requirements  for  water-quality  control,  municipal 
and  industrial  water  supply,  irrigation,  and  other  water 
uses. 

Subnormal  Precipitation 

All  parts  of  the  Mis.souri  Basin  have  experienced 
numerous  periods  of  subnormal  precipitation.  This  is 
illustrated  graphically  on  plate  5,  presented  previously  in 
Chapter  3.  which  shows  the  adjusted  average  precipita- 
tion over  each  subbasin,  over  the  Missouri  Basin  above 
Sioux  City,  la.,  and  over  the  entire  Missouri  Basin  for 
each  year  of  the  period  of  record. 

The  severity  of  rainfall  deficiency,  of  course,  varies 
over  the  basin.  Table  1 1 shows  for  each  subbasin  or  part 
of  a subbasiii  the  minimum  average  precipitation  exper- 
ienced over  the  area  in  any  one  year  and  the  minimum 
average  annual  precipitation  experienced  over  the  area  in 
any  period  of  5 consecutive  years.  The  l-year  niinmiimi 
shown  for  the  entire  Missouri  Basin  is  68  percent  of  the 
long-term  average  annual  precipitation.  The  l-year  niiii- 
iniunis  for  the  subbasin  areas  vary  ftom  46  percent  to  66 
percent  of  the  long-term  average  annual  precipitation 
amounts.  The  5-year  minimum  shown  for  the  entire 
basin  is  81  percent  of  the  long-term  average,  and  the 
S-ycar  minimums  for  the  subbasiiis  vary  from  67  percent 
to  81  percent  of  the  long-term  averages. 


Table  11  - MINIMUM  ANNUAL  AND  MINIMUM  5-YEAR  AVERAGE  VALUES  OF  PRECIPITATION 
OVER  THE  MISSOURI  BASIN  AND  OVER  ITS  SUBBASINS 


Minimum  Average  PreeipiUtion  in  Inches  over  Basin  or 
Suhbasin  Area  Shown 


Subba.sin  or  Basin  Area 

t-Year 

Year 

5-Year  Average 

Period 

Uppei  .Missouri 

8.6 

1872 

11.6 

1933-37 

Yellowstone 

8.8 

1872 

12.8 

1933-37 

W'csicrn  Dakota 

8.8 

1936 

1.3.3 

1933-37 

Ivasleni  Dakot,i 

11. 1 

1864 

15.5 

1932-36 

Platte-Niobrara 

lia.st  of  102“  Longitude 

12.4 

1864 

15.4 

1860-64 

West  of  102“  Longitude 

9.6 

1876 

13.1 

1873-77 

Middle  Missouri 

13.3 

1843 

22  3 

1839-43 

Kansiis 

East  of  99“  Longitude 

1.3.0 

1843 

21  4 

1933-37 

West  of  99“  Longitude 

11.2 

189-1 

15.0 

1952-56 

Lower  Missouri 

24.7 

1901 

29.8 

1952-.56 

Missouri  Basin  above  Sioux  City.  la. 

10.4 

1936 

12.8 

1933-37 

Total  .Missouri  Basin 

13.5 

1936 

16.1 

1933-37 

The  extended  drought  of  the  I930’s  svas  the  most 
critical  of  record  in  the  Missoitri  Basin  and.  for  the  basin 
as  a whole,  rainfall  deficiency  during  the  period  from 
1930  to  1939  was  the  most  critical  of  record.  Individual 
subbasins,  however,  have  had  more  critical  periods  of 
rainfall  deficiency.  In  the  Platte-Niobrara  Suhbasin  west 
of  1020  longitude,  rainfall  deficiency  was  most  critical 


during  the  period  1873-1882.  In  the  Mrddle  Missouri 
Subbasin,  it  was  most  critical  during  the  period 
18,38-1847. 

In  planning  to  meet  water  requiiements.  it  is  iiece.s- 
sary  to  consider  inclusion  of  carryover  storage  in 
reservoirs  to  compensate  for  periods  of  deficient  precipi- 
tation and  runoff.  .Since  precipitation  records  in  the 
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COMPREHENSIVE  FRAMEWORK  STUDY 

MISSOURI  RIVER  BASIN 

MISSOURI  BASIN  INTER-AGENCY  COMMITTEE 

PLATE  15 


Missouri  Basin  are  generally  available  for  much  longer 
periods  than  are  streamHow  records,  evaluation  of  the 
probability  of  recurrence  of  past  drought  , periods  has 
been  based  on  precipitation  data.  Figure  32  shows 
pertinent  data  end  sample  curves  of  multi-annual  preci- 
pitation probabilities  that  have  been  developed  for  the 
total  Missouri  Basin  area.  Similar  curves  have  been 
developed  for  each  of  the  individual  subbasins,  and  for 
the  basin  area  above  Sioux  City,  la. 

From  the  multi-annual  precipitation  probability 
curves,  the  probabilities  of  specific  amounts  of  precipita- 
tion in  one  year  or  in  periods  of  2,  3,  5,  or  10 
consecutive  years  can  be  determined.  As  shown  by  these 
curs'es,  the  minimum  observed  precipitation  over  a 
period  of  5 consecutive  years,  in  the  entire  Missouri 
Busin  and  in  each  of  its  subbasins,  has  a recurrence 
interval  as  shown  in  table  12.  Based  on  this  study,  it  may 
be  concluded  that  the  minimum  5-year  precipitation 
wliich  has  been  observed  in  each  of  the  subbasins  except 
the  Plalte-Niobrara  and  the  Middle  Missouri  represents  a 
greater  precipitation  deficiency  than  niiglit  logically  be 
e.\pected  in  a period  of  record  of  about  1 00  years.  This 
is  particularly  true  for  the  Missouri  Basin  above  Sioux 
City  and  for  the  total  Missouri  Basin  where  the 
minimum  5-year  precipitation  experienced  in  about  the 
past  100  years  has  an  estimated  recurrence  interval  of 
several  thousand  years. 


Table  12  - RECURRENCE  INTERVAL  FOR  MINIMUM 
OBSERVED  5-YEAR  PRECIPITATION 
MISSOURI  BASIN  AND  ITS  SUBBASINS 


Subbasin  or  Basin  Area 

Recuneece  Interval’ 
In  Years 

Upper  Missouri 

(122) 

400 

( 1,280) 

Yellowstone 

( 74) 

200 

( 550) 

Western  Dakota 

( 80) 

222 

( 590) 

Uastern  Dakota 

( 82) 

2\1 

( 560) 

I’lalte-Niobrara 

East  of  102“  LongiUulc 

(260) 

1250 

( 4,500) 

West  of  102“  LongiUulc 

( 25) 

50 

( 100) 

Middle  Missouri 

( 48) 

100 

( 220) 

Kansas 

East  of  99“  Longitude 

(103) 

213 

( 74U) 

West  of  99“  Longitude 

(119) 

333 

( 920) 

Lower  Missouri 

(117) 

250 

( 890) 

Missouri  Basin  above  Siou\  City 

(700) 

3846 

(20,500) 

Total  Missouri  Basin 

(460> 

2222 

(10.600) 

* In  liie  rccnrroncv-inlurvul  cMimnn.  the  middle  value  is  the 
estimated  recurrence  interval  in  years.  The  v.alues  in  paren- 
theses  are  the  ')0-pcrcent  cnnfidenco  limits. 


Subnormal  *^unoff 

Subnormal  precipitation,  of  course,  is  primarily 
responsible  for  subnormal  runoff.  The  severity  of  sub- 
normal runoff  conditiotis,  however,  is  infiuenccd  also  by 
high  temperatures,  high  winds,  low  humidity,  and  type 
of  land  use. 


Since  systematic  streamgaging  over  the  entire 
Missouri  River  Basin  began,  in  about  1928,  there  have 
been  two  periods  of  extended  and  severely  subnormal 
runoff.  These  occurred  in  the  1930’s  and  in  the  1950’s. 
Subnormal  runoff  in  the  1930’s  was  of  longer  duration 
and  of  greater  areal  extent  than  that  wliich  occurred  in 
the  ,1950’s  Subnormal  runoff  in  the  I950’.s,  however, 
particularly  during  the  period  from  1952  to  195b,  was 
of  major  severity  in  Colorado.  Kansas.  Missouri,  and 
Iowa. 

STREAMFLOW  VOLUME-FREQUENCY 
ANALYSES 

Hydrologic  frequency  estimates  are  required  in  many 
phases  of  planning,  design,  and  operation  of  water 
resources  development  projects  in  order  to  adequately 
appraise  the  representativeness  of  past  flood  and  drought 
periods  and  to  estimate,  the  magnitude  of  future  liydru- 
logic  events  that  water  resource  projects  may  experience. 
High-flow  volume-frequency  data  are  used  in  connection 
with  establishment  of  flood-control  storage  volumes  and 
in  connection  with  selection  of  design  floods  for  levee 
and  channel-improvement  projects.  Low-llow  volume- 
frequency  data  frequently  are  useful  in  connection  with 
establishment  of  conservation  storage  volumes.  Two 
Mparate  types  of  streamflow  frequency  analyses  were 
made.  One  involved  the  computation  of  volume- 
frequency  curve  statistics  from  actual  station  records 
and  the  plotting  and  construction  of  the  resulting  curv'es 
by  a computer-fed  plotter.  The  second  involved  the 
development  of  generalized  relations,  based  on  correla- 
tions between  frequency  curve  statistics  and  basin 
characteristics,  for  subsequent  use  in  developing  fre- 
quency estimates  at  any  location  in  the  basin,  gaged  or 
ungaged. 

Data  Available  for  Analysis 

As  previously  indicated,  daily  streamflow  records  of 
540  streamgaging  stations  in  and  near  the  Missouri  River 
Basin  were  placed  on  IBM  cards  and  magnetic  tapes. 
Although  these  daily  streamflow  records  were  readily 
available  for  analysis,  a number  of  the  stations  were 
excluded  from  tiie  streamflow  frequency  studies  because 
their  records  were  of  a duration  too  slum  to  permit 
reliable  projection,  their  records  were  affected  too 
greatly  by  upstream  control,  or  their  drainage  areas  were 
larger  than  desired  for  the  study, 

High-Flow  Volume-Frequency  Curves 
from  Station  Data 

lligh-fiow  volume-frequency  curves  were  plotted  for 
about  475  of  the  540  stations  for  which  daily  recouls 


hi 


had  been  placed  on  IBM  cards.  These  curves  were 
plotted  and  drawn  for  eight  time  periods,  ranging  from 
the  instantaneous  peak  flow  to  the  annual  volume, 
utilizing  actual  station  data  without  adjustment  or 
generalization.  Sample  curves  for  the  Yellowstone  River 
near  Sidney,  Mont.,  are  shown  on  figure  .33.  the  points 
were  plotted  and  the  curves  were  drawn  by  a CALCOMP 
Plotter,  utilizing  an  on-line  RCA  301  computer.  The 
points  plotted  for  each  period  for  each  station  were 
based  on  the  formula: 

Exceedence  Frequency  per  100  Years  = — 

N+l 

where:  N = Number  of  years  of  record 

M = Order  of  magnitude  (rank)  of  event 


The  frequency  curves  drawn  through  the  plotted  points 
were  based  on  fitting  the  Pearson  Type  III  function  by 
use  of  moments  of  flow  logarithms  in  accordance  with 
the  procedure  developed  by  L.  R.  Beard,  Hydrologic 
Engineering  Center,  Sacramento  District,  Corps  of  En- 
gineers. The  first  two  moments  (mean  logarithm  and 
standard  deviation)  were  based  on  data  from  each 
individual  station.  The  third  moment  (skew)  was  based 
on  average  skew  coefficients  developed  by  the  Washing- 
ton District,  Corps  of  Engineers,  as  follows: 


Periods 

Instantaneous 
1 day 
3 days 
1 0 days 
30  days 
90  days 
1 year 


Skew  Coefficient 
0 

-.04 

-.12 

-.23 

-.32 

-.37 

-.40 


Curves  for  the  475  stations  arc  presented  m a series 
of  working  papers,  one  for  cadi  subbasin,  entitled, 
“Higli-Flow  Volume-Frequency  Curves  for  Selected 
Durations.” 


Generalized  High-Flow  Volume-Frequency 
Analyses 

Even  among  the  streamflow  stations  selected  for 
frequency  analyses,  tlie  periods  of  record  vary  in  lengtii 
to  an  extent  sufficient  to  produce  significant  variations 
in  tlie  reliability  of  streamflow  volume-frequency  rela- 
tionships based  upon  individual  station  flow  records 
alone.  The  reliability  of  these  relationships,  however,  can 
be  improved  by  generalization  techniques,  and  these 
generalization  techniques  can  be  used  also  to  develop 
volume-frequency  relalionsliips  at  ung.aged  locations.  In 
the  analyses  performed  for  the  comprehensive  frame- 
work study,  generalization  techniques  have  been  used  as 


proposed  by  L.  R.  Beard  in  his  publication.  ‘‘Statistical 
Methods  in  Hydrology.” 

High-flow  volume-frequency  analyses  were  performed 
for  each  subbasin.  The  steps  involved  in  the  generaliza- 
tion procedure  utilized  are  described  briefly  in  the 
following  subparagraphs. 

a.  In  each  subbasin,  the  streamflow  stations  selected 
for  frequency  analyses  were  divided  into  so-called 
pivot  stations  and  satellite  stations.  Pivot  stations 
were  selected  on  the  basis  of  length  of  record, 
reliability  of  record,  and  geographic  location. 

b.  For  each  station,  for  each  year  of  record,  dis- 
charges were  determined  in  cubic  feet  per  second 
for  the  water  year  peak  discharge  and  in  mean 
cubic  feet  per  second  for  the  maximum  1-,  3-,  7-. 
15-,  30-.  and  90-day  discharges  and  the  annual 
discharge. 

c.  For  each  station  logarithms  were  computed  for 
each  of  the  above  discharge  values. 

d.  From  the  array  of  logarithms  of  annual  maximum 
discharge  values  for  each  of  the  eiglit  specified 
periods  of  time  at  each  station,  the  mean  loga- 
rithm, the  standard  deviation  of  the  logarithms, 
and  the  skew  coefficient  were  computed  for  each 
station.  These  three  statistics  defined  the  com- 
puted cumulative  frequency  curve  for  each  period 
at  each  station. 

e.  Computed  values  of  the  mean  logarithm  and 
standard  deviation  at  satellite  stations  were  ad- 
justed by  comparison  with  corresponding  values  at 
pivot  stations. 

f.  For  each  station,  those  drainage  basin  and  climatic 
characteristics  affecting  streamflow  analysis  which 
were  to  be  correlated  with  the  adjusted  mean 
logarithms  and  standard  deviations  were  selected 
and  their  values  were  determined. 

g.  Multiple  correlations  between  the  selected  drain- 
age basin  characteristics  and  the  adjusted  mean 
logarithms,  and  standard  deviations  were  per- 
formed to  establish  regression  equations  for  use  in 
computing  means  and  standard  deviations  for  the 
generalized  high-flow  volume-frequency  curves. 

h.  Runoff  coefficients  and  frequency  indices  for  use 
in  the  regression  equations  were  determined. 

i.  Appropriate  skew  coefficients  for  each  duration 
were  determined.  Pending  completion  of  a regional 
skew  study  for  the  Missouri  Basin,  the  skew 
coefficients  proposed  by  the  Washington  District, 
Corps  of  Engineers,  and  listed  previously  were 
used. 

The  climatic  and  drainage  basin  characteristics  which 
exert  some  influence  on  high-fiow  volumes  are  numerous 
and  ’ aried.  The  more  significant  factors  involved  are 
contributing  drainage  area,  mainstream  length,  valley 
slope,  basin  altitude,  distance  to  drainage  area  tenlroid. 
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innitralion  capacity,  normal  summer  precipitation.  nor> 
mal  winter  precipitation,  rainfall  intensity,  drainage  area 
shape,  water  equivalent  of  plains  snow  cover,  water 
equivalent  of  snow  cover  above  3.000  feet  elevation  and 
above  S, 000  feet  elevation,  and  percent  of  total  drainage 
area  above  each  of  these  elevations. 

Each  of  these  factors  was  considered  in  analyses  of 
streamflow  in  connection  with  each  subbasin  to  which  it 
was  applicable.  The  significance  of  each  varies  from 
subbasin  to  subbasin.  Some  aie  of  greater  significance  in 
connection  with  evaluation  of  mean  logarithms  of 
annual  maximum  flows;  others  are  of  greater  significance 
in  connection  with  evaluation  of  the  standard  deviation 
of  these  logarithms.  Table  13  shows  for  each  subbasin 
the  drainage  basin  and  climatic  characteristics  of  greatest 
significance  in  connection  with  evaluation  of  the  means 
and  standard  deviation  of  the  logarithms  of  annual  ma.xi- 
mum  flows. 

Low-Flow  Volume-Frequency  Curves  from 
Station  Data 

Low-flow  volume-frequency  curves  were  prepared  for 
50  streamgaging  stations  in  tlie  Lower  Missouri  Sub- 
basin.  Curves  were  drawn  for  periods  of  1 . 3,  7,  14, 30. 
and  90  consecutive  days  and  1 year. 


The  exceedence  frequency  of  the  points  plotted  for 
each  period  at  each  station  was  determined  by  the  same 
formula  used  for  high  flows: 

Exceedence  Freqiicncv  per  1 00  years  = — 

N+l 

\MiCrc:  >N  = Number  of  years  of  record 

M = Order  of  magnitude  (rank)  of  event 

The  frequency  curves  drawn  through  the  plotted  points 
were  based  on  fitting  the  Pearson  Type  III  function  by 
u.se  of  moments  of  logaiithms  of  the  annual  minimum 
flow  values  in  accordance  with  the  procedure  developed 
by  L.  R.  Beard.  The  flrst  two  moments  (mean  logarithm 
and  standard  deviation)  were  based  on  data  from  each 
individual  station  with  the  exception  that,  for  those 
cases  where  the  low-flow  series  contained  zeio  flow,  a 
small  increment  of  0.1  cubic  foot  per  second  was 
substituted  for  each  zero  value.  The  third  moment, 
skew,  was  based  on  smoothed  average  skew  coefficients, 
weighted  for  length  of  record  from  the  individual  station 
data  for  the  subbasin,  excluding  from  the  computations 
those  durations  for  each  station  where  more  than 
one-fourth  of  the  annual  minimum  flow  values  were 


table  13  - DRAINAGE  BASIN  AND  CLIMATIC  CHARACTERISTICS 
AFFECTING  STREAMFLOW  ANALYSES 


I.  Factors  Ooscly  Related  to  Mean  Logarithms  of  Annual  Maximum  Flows  for  Fight  Durations 


Subbasin 

Contributing 
Drainage  Area 

Basin  Altitude 

Basin  Shape 

Rainfall 

Intensity 

Normal 

Summer 

Precipitation 

Normal 

Winter 

Precipitation 

Upper  Missouri 

\ 

\ 

Yellowstone 

X 

X 

\ 

X 

Western  Dakota 

X 

X 

Faslern  Dakota 

X 

X 

X 

Platte-Niobrara 

X 

X 

\ 

Middle  Missouri 

X 

X 

Kansas 

X 

X 

Lower  Missouri 

X 

X 

\ 

II.  Factors  Ooscly  Related  to  Standard  Deviation  of  {.ogarithms  of  Annual  Maximum  Mows  fttr  Eight  Durations 

.Subbasin 

Contributing 
Drainage  Area 

Basin  Altitud< 

Basin  Shape 

Rainfall 

fnten.sity 

Water  Course 
Length 

.1 

I E.S- 

^ I 2 

Normal 

Winter 

Precipitation 

c 

.2 

1 

c 

Valley  Slope 

Upper  Missouri 

X 

X 

Yellowstone 

\ 

X 

\ 

Western  Dakota 

X 

X 

X 

Faster!)  Dakota 

\ 

X 

X 

Platte-Niobriira 

\ 

X 

X 

iSliddle  Missouri 

X 

X 

X 

Kansiis 

\ 

X 

Lower  Missouri 

X 

X 

\ 

X 
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zero.  Annual  frequency  curves  were  plotted  with  zero 
skew.  Skew  coefficients  used  are  .shown  as  follows: 


Periods 

Skew  Coefficient 

1 day 

-.40 

3 day 

-.32 

7 day 

-.25 

14  day 

-.20 

30  day 

-.14 

90  day 

-.05 

Annual 

zero 

For  those  stations  and  periods  where  zero  flows  were 
e.xperienced  during  a significant  number  of  the  years  of 
record  the  arbitrary  assignment  of  a mean  flow  value  of 
0.1  cfs  introduced  considerable  bias  in  the  computed 
curve.  In  those  cases,  a curve  eye-fitted  to  the  plotted 
points,  ignoring  the  points  representing  the  arbitrary 
assigned  values  of  0.1  cubic  foot  per  second  was  used  in 
lieu  of  the  computed  cuw.  This  eye-fit  curve  was  not 
extended  downward  below  the  lowest  non-zero  value. 
Cotnputcd  volume  frequency  curves  were  plotted  by  a 
Benson-Lehiier  Delta  Card  Plotter,  utilizing  an  online 
RCA  301  computer.  Sample  curves  for  the  Grand  River 
near  Gallatin,  Mo.,  arc  shown  on  figure  34. 

The  curves  in  figure  34  and  other  curves  of  this 
nature  were  used  to  determine  preliminary  values  of 
reservoir  storage  requirements  for  water  supply  and 
water  quality  control  in  the  Lower  Missouri  Subbasin. 
Since  these  curves  were  without  respect  to  .season, 
however,  the  effect  of  the  phase  relationship  of  water 
supply  and  water  demand  could  not  be  dependably 
determined.  Accordingly,  low-flow  volume-frequency 
curves  were  prepared  only  for  this  one  subbasin  and 
dependence  on  such  curves  was  abandoned  in  favor  of  a 
computer  study  of  reservoir  conservation  storage  re- 
quirements. 

Computer  Study  of  Reservoir  Conservation 
Storage  Requirements 

The  most  widespread  water  requirements  investigated 
during  the  comprehensive  framework  study  were  those 
for  water  supply  and  water  quality  control.  Early 
estimates  indicated  that  supplemental  Hows  might  be 
needed  at  up  to  several  thousand  locations  throughout 
the  Missouri  Basin.  Subsequent  screening  to  omit  loca- 
tions where  flows  were  obviously  sufficient  to  meet 
demands  without  storage,  or  insufficient  to  meet  de- 
mands even  with  maximum  development  of  potential 
stoiage  site.s,  leduccd  the  number  of  locations  to 
about  500. 

Determination  of  reservoir  storage  requirements  to 
meet  these  demands  was  accomplished  by  utilizing  the 
services  of  the  Hydrologic  Engineering  Center,  Sacra- 
mento District,  Coips  of  Engineers.  The  Center  modified 


one  of  its  existing  computer  programc  j2.^-JJI-l,34''i  in 
conduct  monthly  reservoir  regulation  studies  <)l  mdtvid 
ual  potential  reservoirs  fora  specified  base  period  and  t«> 
recycle  a$  necessary  to  determine  the  optimum  amount 
of  storage  required  to  meet  specified  demand-  tinder 
specified  siioriage  coitdiiions. 

These  studies  were  conducted  for  a 4U-\ear  ha  e 
period,  generally  ! 927-1 06(«.  utilizing  slrcamlloiv  Jaia 
from  long-record  srations  in  tiie  area,  with  inrssmg 
monthly  flow  data  determined  by  multiple-vorreiatioii 
analyses  in  accordance  with  the  Center's  computer 
program  23-67.  Monthly  Strcainflow  Simulation.  In- 
fiows  to  each  potential  reservoir  were  determined  In 
consideration  of  drainage  area  and  mean  annual  ninolT 
at  the  dam  site,  as  compared  to  tlic  same  factors  at  the 
most  appropriate  gaging  station. 

A generalized  area  capacity  curve  was  developed  for 
the  Missouri  River  Basin  by  consideration  of  area 
capacity  curves  for  existing  and  planned  reservoirs  in  the 
basin.  The  equation  of  the  curve  used  in  these  studies 
was 

A = 0.35 

A = surface  area  of  reservoir  in  acres 
Sj  = rc.servoir  storage  in  acre-feet 

Although  this  curve  may  not  be  strictly  applicable  to 
any  particular  reservoir  it  is  adequate  for  determining 
reservoir  evaporation  in  framework  planning  studies. 
Evaporation  estimates  were  based  on  USWB  Technical 
Paper  No.  37.  “Evaporation  Maps  for  lire  United  States," 
by  Kohler,  Nordinson  and  Baker.  1959,  modified  as 
described  in  chapter  4 to  recognize  average  monthly 
precipitation  on  the  reservoir  surface  and  average  month- 
ly runoff  from  the  land  area  covered  by  t!ie  reseivoir. 

A lOO-ycar  sediment  storage  allowance  was  provided 
in  each  reservoir  and  was  a.ssumed  to  form  a dead-storage 
pool.  These  sediment  allowances  were  determined  from 
generalized  relations  developed  essentially  as  discussed  in 
chapter  5 of  tiiis  appendix. 

The  computer  program  whicli  utilized  these  pliysical 
data  took  tlie  computed  moiitlily  inllows  and  ran  a 
sequential  monthly  reservoir  regulation  study  for  the 
40-year  base  period  todctcrmiite  the  storage  required  to 
meet  the  specified  niomhiy  water  quality  control  and 
water  supply  demaiuls  under  specified  shortage  con- 
ditions. Shortage  index  criteria  proposed  by  E.  R.  Beard 
in  the  publication,  “listimaling  Long-Term  Require- 
ments and  Firm  Yield  of  Rivers.”  were  adopted,  Beard’s 
.shortage  index  is  defined  as  tlto  sum  of  squares  of  the 
anmial  shortages  expressed  as  a ratio  to  the  annual 
demand,  converted  to  a 100-year  base.  A slioil.ige  index 
*'  0.25  was  adopted  for  these  studies.  This  index 
represents  one  anmial  shortage  of  50  percent  in  a 
iOO-year  period,  25  anmial  .shortages  of  10  peixent.ur 
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any  combination  of  annual  shortages  for  which  the  sum 
of  squares  of  the  shortages  totaled  0.25  in  100  years  or 
0.10  in  the  40-year  base  period  used.  If  only  water 
supply  demands  or  only  water  quality  control  demands 
existed  at  a given  location  the  computer  recycled  as 
necessary  to  determine  the  storage  required  to  meet  the 
0.25  shortage  index  criteria.  If  demands  for  both 
purposes  existed,  the  computer  program  gave  priority  to 
water  supply  demands,  then  determined  the  storage 
necessary  to  meet  water  quality  control  demands  with  a 
0.25  shortage  index.  If  in  this  computation  the  water 
supply  shortage  index,  was  equal  to  or  less  than  0.25  the 
storage  indicated  was  considered  acceptable  and  the 
computer  proceeded  to  the  next  station.  If  the  water 
supply  shortage  index  exceeded  0.25  the  computer 
recycled  adding  storage  as  necessary  to  lower  the 
shortage  index  for  water  supply  demands  to  0.25.  This 
sometimes  resulted  in  lowering  the  shortage  index  for 
water  quality  control  to  less  than  0.25  and,  therefore, 
future  refinements-in  the  program  are  indicated  to  be 
desirable.  These  probably  will  use  a buffer  zone  concept 
to  compute  storages  required  to  meet  the  desired 
shortage  index  for  each  function.  However,  the  studies 
accomplished  are  believed  to  be  satisfactory  for  frame- 
work planning  particularly  since  the  problem  of  a 
shortage  index  for  water  quality  control  or  water  supply 
of  less  than  0.25  occurred  at  only  a half  dozen  or  so 
stations. 

Results  of  the  computer  study  are  summarized  in 
table  14.  Locations  where  the  computer  study  indicated 
the  demand  could  be  met  by  the  natural  streamflow 
without  regulation  have  been  omitted  from  this  table. 


HISTORIC  STREAMFLOW  ADJUSTED 
FOR  1970  DEVELOPMENT 

Prior  to  1865,  streamflow  in  the  Missouri  Basin  was 
largely  unused  except  for  transportation  by  water.  At 
about  that  time,  the  early  settlers  and  homesteaders, 
their  numbers  swollen  by  uprooted  Civil  War  survivors, 
started  irrigation  and  mining  veiitures  and  began  filing 
for  water-use  permits  in  substantial  numbers.  Some 
additional  irrigation  development  was  induced  by  e.stab- 
lishment  of  Indian  reservations. 

By  1898,  streamflow  depletions  in  the  Missorrri  Basin 
averaged  about  3 million  acre-feet  annually.  By  1910, 
they  averaged  about  5.6  million  acre-feet  atrnually. 
Between  1910  and  1949,  water  ttse  increased  at  a slower 
rate,  with  depletions  reaching  an  average  annrtal  level  of 
6.9  million  acre-feet  in  1949.  Since  1949,  with  accel- 
erated Federal  water  resources  developrnettt.  water  use 
has  increased  much  more  rapidly.  It  is  estirrrated  that, 
during  the  period  from  1949  to  1970,  depletions  will 
have  Increased  by  4.9  tnilliott  acre-feet,  on  an  average 
annual  basis. 


Streamflow  records,  of  course,  reflect  the  constantly 
changing  levels  of  water  resources  development  and 
streamflow  depletion.  To  be  useful  as  an  accurate 
measure  of  surface  water-supply  availability^  historic 
streamflow  data  must  be  adjusted  to  a common  level  of 
water  resources  development  and  water  use  and  -a 
corresponding  common  level  of  streamflow  depletion. 
Accordingly,  available  streamflow  data  have  been  ad- 
justed to  the  level  of  water,  resources  development  that  it 
is  anticipated  will  be  reached  by  1970  and  the  level  of 
streamflow  depletion  that  it  is  estimated  will  be  reached 
at  that  level  of  development.  Year  1970  conditions  were 
selected  for  this  purpose  because  the  level  of  water 
resources  development  in  1970  could  be  anticipated 
with  reasonable  accuracy  at  the  time  these  studies  were 
initiated  in  1964,  and  because  it  was  considered  desir- 
able to  have  the  estimates  of  water  availability  current  at 
the  time  the  comprehensive  framework  studies  were 
scheduled  to  be  completed. 


Assurned  1970  Level  of  Water  Resources 
Developiftent 

Water  resources  development  projects  originally 
assumed  to  be  in  operation  in  1970  included  all  projects 
existing  at  the  time  these  studies  were  initiated  in  1964, 
all  projects  under  construction  at  that  time,  and  those 
additional  projects  which  the  constructing  agency  then 
anticipated  would  be  funded  for  construction  by  1970. 
Major  reservoirs  in  this  category,  and  their  approximate 
total  storage  capacity,  arc: 


Chatficid  Reservoir,  Colorado 
Clinton  Reservoir,  Kansds 
Grove  Reservoir.  Kansas 
Round  Mound  Rc.scrvoir.  Kansas 
Rathbun  Reservoir.  Iowa 
Melvern  Reservoir.  Kansas 
Fort  Scott  Reservoir.  Kansas 
Stockton  Reservoir,  Missouri 
Kaysinger  Bluff  Reservoir, 
Missouri 


235.000  acre-feel; 
397,200  acre-feet; 

157.000  acre-feet; 

176.000  acre-feet; 
55 1,700  acre-feet; 

363.000  acre-feet; 
235,500  acre-feet; 

1 ,674,000  acre-feet; 

5.209, QOO  acre-feet; 


Additional  smaller  re.seivoirs  and  small  irrigation  projects 
also  fall  into  this  same  category,  but  only  those  with  the 
mote  significant  regulation  or  depletion  effects  have 
been  listed.  All  of  the  major  water  resources  develop- 
ment projects  included  in  the  assumed  1970  level  of 
development  arc  listed  in  table  15. 
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Table  14  - RESERVOIR  STORAGE  REQUIREMENTS  FOR  WATER  QUALITY  AND  M&l  DEMANDS 
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Table  15  - MAJOR  PHYSICAL  DEVELOPMENTS  CONSIDERED  AT  1970  DEVELOPMENT  LEVEL 


Major  Reservoirs  Affecting  1970  Flows 


Major  Irrigation  Projects  Assumed  Depleting  By  1970 


Yellowstone 


Clark  Canyon 
Kennison 
Tiber 
Ruby 

Willow  Creek 
Hyalite 

Deadinan’s  Basin 
Canyon  Ferry 

Fort  Peck 


Bull  Lake 
Boysen 
Anchor 
Yellow  tail 
Lodge  Grass 


longue  River 


Bowniandialey  C 

Cold  BrooK  1 C 
Cottonwood  Springs  | C 
Dickinson 

Western  Dakota  Heart  Butte 
Sliudchill 
Keyliole 
Angsistuta 
Pactola 


F-astern  Dakota  Jamestown 


Year  of 
Oosure 


Capacity 


(Acre-feet) 

257.000 

9,000 

1.368.000 
39,000 

00 
00 
00 

2.051.000 


19,100.000  1937 


152.000 

952.000 

17.000 
1,375.000 

23.000 


Ascncy  Acres 


221,000 


East  Bench 
West  Bench 
Lower  Marias 
Ruby  R.  Stor.  Proj. 
W.Cr.  Stor.Pfoj. 
Middle  Creek 
Deadman’s  B.  Proj. 
Helena  Vaiiey 
Crow  Creek 

Broadsvater-Mo.  . 


Riverton 
Hanover-Bluff 
Owl  Creek 
Lower  Yellowstone 
Crow  I mg.  Proj. 
Shoshone 
Buffalo  Rapids 


Dickinson  Unit 
Heart  River  Unit 
Shadehill 
Belle  I'ourche 
Angostura  Unit 
Rapid  Valley 


Fort  Clark  Unit 


Table  15  (Continued) 


Subbasin 


Platte  River 


Cheny  Creek 

Oiatneld 

KorteS 

Glendo 

McConaughy 

Sherman 

Davis  Creek 


Salt  Cicek  Storages 


Niobrara 


Middle  Missouri 


Knnsiis 


Lower  Missouri 


Main  Stem 
Missouri  River 


Major  Resmoirs  Affecting  1970  Flows 


Name 


Box  Butte 
MOrritt 


Indian  Creek 


Kanopolis 
Harlan  County 

Tuttle  Creek 
Wilson 
Milford 
Perry. 

Clinton 

Grove 

Bonny 

Swanson  Lake 

lindcr.s 

Harry  Strunk 

Hugli  Butler 

Norion 

Lovewel! 

Cedar.Bluff 

Round  Mound 

Kirwin 

Webder 

Waconda  Lake 


Ratlibun 
Mclvern 
Poinona 
Fort  Scott 
Stockton 
Kay.singer  Bluff 
Pontine  dc  Terre 


Garrison 
Oahe 
Big  Bend 
Fort  Randall 
Gavins  Point 


Agency 


CT 

CE 

BR 

BR 

CNPPtD 

BR 

BR 


CE 


BR 

BR 


CE 


CE 

CE 

CE 

CE 

CE 

CE 

CE 

CE 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 


CE 

CE 

CE 

CE 

CE 

CE 

CE 


CE 

CE 

CE 

CE 

CE 


Capacity 


(AcreTeet) 

96.000 

235.000 
4,800 

795.000 
1,948.000 

68.000 

30,300 


49,600 


31.000 

74.000 


8,600 


432,900 

840,500 

2.367.000 

776.000 

1.169.000 

770.000 
397,200 

157.000 

170.000 

254.000 

75.000 

89.000 

87.000 

135.000 

92.000 
.377,000 
'176,000 

315.000 

261.000 
976,000 


551,700 

363,000 

246.500 

235.500 

1.674.000 

5.209.000 
648:700 


24.400.000 

23.600.000 

1.900.000 

5.700.000 
540,000 


Year  of 
Qosure 


1948 

Future 

1951 

1958 

1941 

1962 

Future 


1 962-67 


Major  Irrigation  Projects  Aswmed  Depleting  ^ 1970 


Name 


1946 

1964 


Future 


1946 

1951. 

1959 

1964 

1966 

1966 

Future 

Future 

1951 

1953 

1951 

1949 

1962 

1964- 

1957 

1951 

Future 

1955 

1956 
1968 


1967 
Future 

1962 

Future 

1968 
I’uture 

I960 


1953 

1958 

1963 

1952 

1955 


Glendo  Unit 
Tri-County 
Farwell-Sargcnt 

Kendrick 
Colo.-Big  Tliompsonl 


Agency 


Mirage  Flats 
Ainsworth  Unit 


Franklin 

SupcriorCourtland 


Armcl 

Mceker-Driftwood 
Frenchman 
Cambridge 
Red  Willow 
Almcna 

Courtland-Scandia 

Cedar  Bluff 

Ellis 

Kirwin 

Webster 

Glen  Elder 


BR 

CNPPID 

BR 

BR 

BR 


BR 

BR 


BR 

BR 


BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 

BR 


Acres 


32,000 

126,800 

.67.300 

24.300 

720,000 


11,300 

34,000 


18,200 

9.800 


800 

16.400 

21.100 

15,600 

11,200 

5.400 

62.000 

6.600 

4 

11.500 

8.500 
0^ 


Remarks 


Transbasin 

import^ 


Irrigated  acres  include  both  new  developments  and  old  lands  receiving  .supplemenial  water  .supplies. 

Privately  developed  irrigation  acreage  is  not  shown,  but  depletions  were  accounted  for  in  1970  flow  tabulalimiv 
Major  reservoirs  in  operation  for  many  years  have  not  been  included,  such  as  Buffalcdiill  in  Wyoming  and  I .ike  ii;< 
.Missouri. 

'No  depletion  before  1970. 

^Irrigation  acreage  nqt  firm  but  currently  appears  to  be  72.700 on  Lower  Marias,  6,700  on  Sliadehiil.  and  ;t.ium..>i  i i 
•^Oilier  import  projects  are  Moffat  Tunnel.  Roberts  Tu-inel.  Grand  River  Ditch,  Englewood,  llomi.Nt.ikv.  o:J 
diverting  401,000  acre-feet  from  Colorado  River  Dtisin  into  the  Denver  area  and  6,000  acie  fi-et  mtoili,  » 
import  averaging  1 35,000  acre-feet  anmially  from  St.  Mary  River  to  Milk  River  has  lieen  trv.iteJ  is  o n!  , ' 

4.M&I  and  Flood  Control. 
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Stiumflow  DtpMon,  1970  Dwwlopwnt 

Adequate  infoniiatioii  conceming  both  stieamflow 
and  water  use  are  availabk  only  dnoe  1910.  Detailed 
studies  of  streamflow  depletion,  accordingly,  ssere  made 
for  the  period  from  1910  to  1970.  Streamflow  depletion 
estimates  svere  made  for  all  types  of  water  resources  and 
nbted  land  resources  development.  Geographic  dMri- 
button  of  the  projects  included  in  the  assumed  1970 
level  of  development  necessitated  individual  depletion 
estimate  in  many  of  the  smaller  stream  basins.  The 
Missouri  River  subbasins,  therefore,  were  divided  into 
smaller  areas,  each  comprising  the  area  above  some 
meaningful  locality  such  as  the  mouth  of  a stream,  a 
stats  boundary,  or  a major  dam,  and  each  relating  to  a 
specific  streamgaging  station.  In  all,  some  1 10  smaller 
areas  were  analyzed.  Together  they  comprise  the  entire 
MisMuri  River  Basin. 

As  previously  indicated,  streamflow  depletions  in  the 
Missouri  River  Basin  in  1910  totaled  S.6  million  acre- 
feet  on  an  average  annual  basis.  Depletirms  increased  by 
1.3  million  acre-feet,  on  an  average  annual  basis,  during 
the  period  from  1910  to  1949,  reaching  a total  of 
6.9  million  acre-feet.  It  is  estimated  that  they  will  have 
inCTeased  by  another  4.9  million  acre-feet  on  an  average 
annual  basis  by  1970,  reaching  a total  of  11.7  million 
acre-feet.  The  historic  growth  of  streamflow  depletions 
in  the  basin,  and  the  projected  further  growth  to  1970, 
are  illustrated  by  flgure  3S. 

FIGURE  9S 

GROWTH  OF  STREAMFLOW  DEPLETIONS 


YE*K 


The  increases  in  depletions  during  the  period  from 
1910  to  I949and  during  the  period  from  1949  to  1970, 
by  subbasins  and  .smaller  stream  basins  and  for  selected 
locations  along  the  main  stem  of  the  Missouri  River,  are 
summarixed  in  table  16.  Increased  depletions  during  the 
period  from  1910  to  1949,  1.3  million  acre-feet,  are 


broken  down  by  geographical  location  only.  Increased 
depletions  during  the  period  from  1949  to  l970, 
4.9  mfllton  acie-feet,  are  broken  down  also  by  activities 
to  which  the  increased  depletions  are  attributable. 

Plate  16  shows  the  increased  depletions  graphically, 
with  the  same  breakdowns  used  in  tM)le  16  but  in 
somewhat  mote  detail  with  respect  to  the  activities  to 
which  the  depletions  are  attribuUble.  Plate  16  shows 
also  the  surface  water  availability  over  and  above  the 
1970  level  of  depletion. 

The  estimate  increase  of  4.9  million  acre-feet  in 
average  annual  depletions  between  1949  and  1970  is  due 
to  the  following  activities: 


ActMly 

MUkms  of 
Acre-Feet 

Irrigation 

2.1 

Evaporation  from  Major  Impoundments 

1.8 

Fish  and  Wildlife 

0.1 

Land  Treatment 

0.3 

Minor  Impoundments 

0.4 

Rural  domestic  water  supply 

0.1 

Municipal  and  Industrial  water  supply 

0.2 

Forestry 

0.1 

TOTAL 

4.9 

The  evaporation  value  in  the  preceding 

tabulation 

represents  net  evaporation  from  lakes  and  major  reser- 
voirs. On  lakes  and  reservoirs  that  were  in  existence 
throughout  the  period  of  streamflow  record,  evaporation 
depletion  was  not  estimated  since  streamflow  records 
already  reflect  such  evaporation. 

Irrigation  depletions  were  estimated  in  several  ways. 
For  almost  all  large  irrigation  projects,  depletion  esti- 
mates were  readily  extractable  flom  available  reservoir- 
L.jeration  and  water-supply  studies.  For  smaller  projects 
for  which  such  detailed  studies  were  not  available, 
depletion  estimates  were  based  on  diversion  require- 
ments and  return-flow  allowances  deemed  applicable  for 
the  geographic  area  and  irrigable  area  involved.  For 
ground-water  withdrawals  from  stream  floodplain  areas, 
net  depletions  were  applied  directly  in  the  months 
pumping  was  accomplished.  With  withdrawals  at  some 
distance  from  a stream,  where  pumping  affects  only  the 
stream  base  flow  and  only  after  considerable  lag  time, 
net  annual  depletions  were  applied  to  base  flows  by 
months  uniformly  throughout  the  year  and  were  limited 
to  the  extent  that  base  flows  were  available.  With 
withdrawals  remote  from  any  stream,  no  streamflow 
depletions  were  charged  since  local  aquifers  rather  than 
streamflow  are  depleted  and,  when  the  ground-water 
tables  decline  sufficiently,  the  aquifers  will  be  lost  as  a 
source  of  water  supply. 
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Table  16  - SUMMARY  OF  ESTIMATED  AVERAGE  ANNUAL  DEPLETIONS  IN  THE  MISSOURI  BASIN 


Duplillm 

. IMOmmOkyPtncliai 

m« 

»!• 

l«4* 

lN|,>  WatmhcO* 

Row 

An*  MRNi***i 

to 

to 

to 

liilpllB*  RnwwiIi  IsNtNqr'  TraNaml 

<HIm> 

Afliv 

No.  Cnwgl  Aw.t>Mcripllo* 

SMtaa' 

l«7W 

IW9 

mo 

torto*  ftocticMi  flto  ftitoft 

Un 

1970 

UTTER  MISSOURI 

1 kivnhead  Rmr  him  S-ISS  91.2  14.0  77.2  70.7  6.S  - 0.7  0.4  200 

2 R«t>yRnefRagn  6-230  40.6  40.9  - 0.3  - 0.3  130 

3 t^ole  Riva  Ba«n  6-2S S - 7.3  - 7.3  - 7.3  790 

5 JefTenon  Rmr  Valley  Am  6-34S  4.7  4.7  4.7 

6 MadiioR  Riwi  Rnin  6410  - 1.6  - 1.6  7.6  - 9.4  0.2  U70 

7 GalhlinRirct  Batin  6-S2S  24.1  24.1  20.0  - 4.3  0.4  6S0 

9 Mnaouri  Valley  Area  atnmTotlon  6-S4S  70.1  4S.0  2S.I  25.1 

II  Smidi  and  DeaiiHHnRKeit Area  9.4  -25.0  34.4  23.0  10.0  1.4 

10  San  Rim  Batin  6-090  IIXI  96.3  IS.O  5.0  10.0  - 0.2  0.2  490 

13  Mariat-TelonRhetBatint  6-1095  135.7  34.0  101.7  53.7  40.0  • l.l  9.1 

14  Aifow-ludilli  Rivet  Bannt  6-1150  11.3  11.3  5.6  - 0.0  6.5 

15  Muttelthell  River  Batin  6-1305  46.1  20.0  26;l  23.1  - 2.0  5.0  130 

17  Mittauti  Valley  Area  to  Eon  Teck  6-1320  145.2  - 9.0  154.2  30.0  95.0  29.2 

Evapotalnn  rrom  Kart  Beck  441.0  441.0 

Subtotal  above  Fort  Tcck  Dam  1.122  6 657.2  465.4  277J  I5I.0  -16.9  53.2 

35  Mdk  River  Batin  6-1745  77.0  77.0  36.9  1.0  39.9  430 

36  Toplat  Rivet  Batin  6-1010  3.7  3.7  0.6  3.1  100 

37  Mittouti  Valley  Area  to  Willitton  6-3300  40  2 16.0  24.2  12.0  12.2 

Subtotal  Korl  Teck  to  Garriton  135.7  16.0  119.7 49j5 EO 55.2  14.0 

Total  1.250.3  673.2  505.1  326.8  152.0  -16.9  1004  14.0'  7,276 

YFL1.0WSTONE 

IS  Ycliowttonc  River  above  Livingtton  6-1925  6 8 6.8  0 0 - 1.3  0.1  2.500 

19  Stillwater  River  Batin  6-2050  3.5  3.5  3.5  6S0 

20  Carkt  Fork  Rivet  Batin  6 2085  4.3  4.3  4.7  - 1.8  M 720 

21  ShicldvBouldcr-Roek  Creek  6-2145  30.2  5.5  • 24.7  20.2  - 1.4  5.9 

22  Wind  Rivet  Batin  6-2590  193.9  104.3  09.6  .16.2  53.0  - 6.4  6.0  960 

23  Gtcybull  Rivet  Batin  6-2775  10.7  10  0 0.7  0.1  06  120 

24  Bighorn  Valley  Area  .tbove  Kane  28.1  0.3  27.0  21.3  6.5 

25  Shothonc  River  Batin  6-2850  112.9  36.2  76.7  76.3  0.9  ■ 1.6  l.l  510 

26  Bighorn  Valley  Area  to  $1.  Xavier  6-2870  26.4  26.4  25.0  - 0.2  0.8 

28  Tongue  River  6-3085  16.2  4.5  11.7  7.6  1.8  - 1.9  4.2  280 

29  Yellowvtone  Valley  to  Milct  City  6-3090  35.6  10.4  25.2  16.6  - 3.0  9.9  1.7 

30  Upper  Powder  River  Batin  6-3170  13.4  3.5  9.9  3.0  - 0 6 7.5  185 

31  Middle  Brwdcr  Rivet  Batin  6-3245  4.3  1.2  3.1  l.l  2.0 

32  Lower  Powder  Rivet  Batin  6-3265  14.2  2.9  11.3  3.6  l.l  6.6 

33  Lower  Yellowstone  to  Sidney  6-3295  105.1  80.3  24.8  12.1  12.7  

Told  629.9  268.9  361.0  213,1  82.3  -15.9  65,3  16  2'’  8.800 

WESTERN  DAKOTA 

1 Little  Missouri  River  Batin  6-3370  28.7  5.0  23,7  0.2  1.5  14.0  390 

Subtotal  above  Garrison  Dam  28.7  5.0  23.7  8.2  1.5  14.0 

2 Knife  Rivet  Basin  6-3405  5.2  0.9  4.3  1.9  2.4  110 

3 Heart  Rtvet  Basin  6-.3490  23.8  1.4  22.4  9.5  8.0  0.1  3.3  1.5  140 

4 Cannonball  Riser  Basin  6-3540  9.4  1.2  8.2  4.2  0.1  3.9  140 

5 Grand  River  Batin  6-3580  51.5  3.2  48.3  25.8  14.3  0.2  5.0  3.0  150 

6 .Moreau  River  Basin  6-3610  20.8  5.8  15.0  7.8  7.2  170 

7 Upper  Cheyenne  Fiver  Basin  6-4015  75.8  4.2  71.6  47.4  9.7  0.1  * 14.4  40 

8 Belle  Foutehe  Rivet  Batin  tWyo.)  6-4285  1.8  0.4  1.4  7.0  -I  l.l  5.5  50 

9 Lower  Cheyenne  Basin  64395  76.2  3.0  73.2  51.0  1.3  15.5  5.4 

Subtotal  Garrison  to  Oahe  264.5  20.1  244.4  147.6  40.3  -10.6  57.2  9.9 

10  Bad  River  Basin  64415  s |5.»  7.5  8.3  2.0  0.4  5.9  100 

.Subtotal  04h;  to  Big  Bend  15.8  7.5  8.3  2.0  04  5.9 

11  White  Ritei  Basin  64520  56.5  14.3  42.2  19.4  0 6 22,2 

Subtotal  Big  Bend  to  IT.  Randall  56.5  14.3  42.2  19.4  0.6  22.2 

Total  ~ 365.5  46.9  318.6  177.2  40.3  ■ 8.1  99,3  9,9'’  2,430 

FASn-RN  DAKOTA 

1 Missouri  Valley  Williston  to 

Bitniaiek  78.5  9.4  69.1  54,0  4,7  10.4 

SuhiolalahoseGarrtstin  Dim  68.1  9.4  50.7  54.0  4.7 

Subtotal  below  Garrison  Dam  ' 10.4  104  10.4 

2 Missouri  Valley  Bisinarek  to 

Mobiidge  16.7  6.3  10.4  5.1  3.2  2,1 

3 Missouri  Valley  Mobrulge  to  Pieiie  27.0  7.8  19.2  14.7  2.5  2.0 

Sublolai Garritsrn  to Ouhe  54,1  14.1  400  19.8  5.7  14.5 

7 Missouri  Valley  Pierre  to Sioits  City  77.8  17.2  606  ‘ 44.2  0.7  10.7  5.0 

Subtotal  of  Oahe  to  Gavins  Point  17.2  59.8  44.2  0 7 9.9  5 0 

4 James  Riter  Basin  64785  62.3  4 4 57.9  48,2  2.4  2,3  ,.0  210 

5 Veiimllion  River  Basin  64  790  12.3  0.6  11.7  ' 10.2  0.5  1.0  80 

6 BigSiouv  Riser  Basin  648.55  40.9  3.6  37.3  27.0  19 7.4  580 

lolal  3154^  49.3  266.2  2^3.4  2.4  0.7  26.8  32.9^  3.235 

1 loc.-iiioti  of  »ia(ion^  on  plaU'i  1 2 .*inki  1 7. 

^IncIuiIk'S  |3S'i.  ilcvdopiiu'Dls  causing  \I<pU'lion«  during  the  period  of  recntd<  Ihcy  arc  general!)'  iiiMgnificani,  bul  v\ceplion$  ate  I’d.  HenJ  m Area.  |7  of  Upper  Miw^iouri 
Subbaiin  and  Area  I of  UMcm  DaVoia  Subba^in  a«v>ciatcd  \\ilh  Oanivtn  Diversion  UiiM, Neither  i« completed  to  dale. bul  \vill  evaporate  50  Oaml  bO.O ihouwand  A.I.. 
.ropeclivciy. 

^indudevseleciiu'  cutliog.  Ihinning,  and  managemeni  practices  which  incrcawo  runoff. 

‘*Ufects  on  all  land\  (ledcral  ami  private)  from*  land  trcalment  (contmin'ng.  terracing. drainage  and  water  spreading). minor  impoundments  (farm  ponds. dugouls, erosion 
control,  fisheries,  reereaiion  ponds  and  small  irrigation  reservoirs  of  at!  agencies#  groups  and  individuals),  and  upstream  watershed  siruclur.U  nu’asmcs< 

^ Kutal  domestic  and  livestock  -10.4  .Mining  - 0.1 

^ Kur.s!  domestic andlivcstock  - 7,5  Mining  - 2.5  M*l  -4.5  rbermal  power  - 1.7 

Rural  domestic  and  livesl(H:k  1.3  Mining  - 1.4  M&i  7.2 

Kur.d  domestic  and  liveslock  22.5  lliermal  power  10.4 

i.vaporation  from  five  main  stem  fevcrvoir.s  In  this  read)  will  depicie  another  U)  milium  ncre'feet. 
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0.8 

• 1.9 
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■ 3.0 

9.9 

■ 06 

7.5 

l.l 

2.0 

l.l 

6.6 

12.7  '■ 

•15.9 

65.3 

1.5 

14.0 

1.5 

14.0 

2.4 

0.1 

3.3 

0.1 

3.9 

0.2 

5,0 

7,2 

0.1  . 

14.4 

-II. 1 

5.5 

15.5 

-10.6 

57.2 

0.4 

5.9 

04 

5.9 

06 

22.2 

0.6 

-)•>  ■> 

■ 8.1 

99,3 

4.7 

4.7 

3.2 

2.5 

5<7 

0.7 

10.7 

07 

9.9 

2.3 

0.5 

2.9 

0.7 

26.8 

9.9’  2,430 
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1 RimiaB 
1 turn. 

PAAMy^ 

WaaRLma 

nwcos 

Ow-s* 

Vm 

Rout 

Aim 

1970 

nhaAAd  AcaFm) 

rUTIEMOMAItA 

1 Norfli  fiMte  laiiR  «i  Coloiaio 

M200 

21.9 

1.2 

20.7 

103 

3.3 

- 1.3 

0.3 

250 

2 SMctvMerNe.rMeakowAlcm 

M42B 

41.9 

44J 

17.4 

323 

IS 

-21.3 

3/4 

1.2 

3 No.fliltHVyo.*AlooTatoWlii)M 

MS70 

344 

3.0 

31.0 

3.1 

20.9 

- 3.5 

3.8 

6.7 

4 Lannk  Rim  iaain 

M70S 

94 

OJ 

5.3 

4.9 

• 3.2 

1.2 

08 

70 

5 No.  PlMt*  MiidVlialMi  10  liico 

«4BM 

23.3 

1.7 

214 

14.7 

4.9 

* Un»SoMlMib.SarMtt.CMo. 

i-7079 

- 2,2 

13 

• 4,5 

- 5.2 

0.7 

240 

7 ChitCiMk  itoM'aloa^a 

A7200- 

• 04 

06 

-9.4 

0.1 

0.5 

-I0.0'® 

70 

t M.  Vnfei  Riwr  ■wiiKMiinRe 

4-7910 

-4.1 

0.0 

-6.9 

- 6.6 

- 0.9 

06 

140 

9 MlllMM^IUMtlMklColO. 

4-7440 

-204 

0.0 

-21.4 

-20.7 

- 1.4 

0.7 

60 

10  CKlKLaRnMUa..Wyo. 

‘4-7929 

•32.0" 

2.2 

-34.2 

•28.0 

- 7.2 

1.0 

80 

11  So.  Witit  flow  Sa.HotleloWeKDaa 

; 4-7909 

49.4 

l.l 

44.3 

40.1 

- 1.3 

4.3 

•l;’2 

12  Sa.nutcf.MiVUiM«i>MMkwg 

4-7440 

224 

2.2 

20.4 

I3.C 

0.4 

7.2 

13  Middli  Loop  Rim  Soaio 

A7090 

2094 

34.3 

171.3 

I9S.3 

7.1 

5.9 

630 

14  North  Loop  RNot  loiii) 

4-7909 

39.1 

23.7 

14.1 

14.9 

l.l 

510 

19  LMpaaOCOwRlMrlMiM 

4-7949 

024 

IIJ 

71.4 

27.0 

2.3 

42;3 

14  Elldiorn  Rim  tom 

44003 

44.2 

7.4 

94.1 

94.0 

0.8 

740 

17  notlc  Rim  Ra^  to  AAlofid 

40010 

349.1 

2.B 

342.3 

324.0 

99.1 

20.2 

-41.0' 

Total  ia  FIttfc  Rim  Ruin 

902.9 

140.3 

742  4 

499.3 

91.9 

-44.8 

59.0 

1.2" 

3.172 

It  Upper  Nkthcara  Raaiii 

44979 

114 

0.3 

U3 

13.1 

24 

3.0 

70 

19  Snake  Rim  0»i« 

44999 

100.2 

100.2 

100.2 

80 

20  MUOkNMianRMM 

44419 

1.1 

4.1 

7.0 

M 

21  U«*f  NMinta  RmOi 

44490 

-30.4 

0.3 

-30.7 

-33.5 

2.8 

Total  in  Niobrara  Rasan 

i 

94.7 

0.4 

M.l 

86.8 

2.4  . 

6.9 

1,030 

Tout 

999.6 

140.9 

B9I.7 

742.1 

>4.3 

44.8 

45.9 

1.2 

4.202 

MDOLE  MISSOURI 

1 

1 RnryCKdiRaria 

44000 

0.9 

0.9 

0.5 

10 

2 FloyO  Rim  tmin 

44009 

4.2 

08 

3.4 

0.9 

2.9 

130 

3 . Utile  Sion.  B«in 

44047 

19.9 

23 

13.4 

1.3 

12.3 

550 

•4.  M,plcRi>ctRMia 

44072 

44 

1.2 

4.1 

0.4 

4.4 

160 

9 S^'i4af  Ri.<f  Reein 

44019 

3.4 

0.9 

3.1 

03 

a.6 

90 

4 Royer  River  Raatn 

44099 

10.1 

20 

B.B 

1.0 

7.8 

200 

7 Mo.VilleyS.C.IoOnuk> 

41.2 

4.1 

37.1 

15.7 

21.4 

9 Mo.  Valley  0mA.  to  Ntb.  Cit)’ 

434 

2.4 

41.0 

32.8 

6.0 

22.2 

(E.dudint  rielie  ReAil 

10  Little  Nemaha  Rasin 

4-81 19 

14.7 

0.4 

14.1 

7.3 

8.8 

210 

11  NhbnabotM  River  Ra4n 

4-1100 

24.9 

9.1 

19.8 

2.7 

17.1 

670 

12  McmAt  Rim  Rewi 

44190 

24.9 

I.B 

25.1 

11.6 

13.5 

450 

13  Tarkio  River  Rasin 

(4130 

9,1 

1.2 

3.9 

3.9 

130 

14  NoOeway  Rmt  BeAi 

44179 

9.4 

3.7 

9.7 

0.9 

4.8 

370 

19  Ma.V<llcyNeli.CilytoSlJ<>c. 

24.9 

26.5 

1.0 

25.5 

14  ruitelewi  (la.-Ma.l 

44209 

11.3 

3.1 

1.2 

8.2 

550 

II  Mo.  Valley  St.  iM.raK.C. 

14.9 

3.1 

11.4 

11.4 

(ExcMinf  Kansas  lasin) 

Total 

379.3 

32.1 

347.2 

79.7 

6.0 

167.3 

98.2" 

7,670 

KANSAS  RIVER 

1.2  South  Fork  RepubKcan  River  Radn 

4-8279 

10,9 

10.5 

23 

6.4 

1.6 

30 

3 Arikaree  River  Rasin 

44.0 

44.0 

28.9 

13.2 

2-3 

4 Frenchman  Creek  Basin 

4-8399 

43.0 

43.0 

39.8 

4.6 

2.6 

60 

5 Red  Wiilow'Medk'ine  Creek  Areas 

81.4 

81.4 

64.3 

9.3 

7.8 

6 Beaver'Sappi'hairie  Dof  Basins 

100.9 

100.9 

43.7 

45.0 

12.2 

7 Lower  Republican  Batin 

107.8 

107.8 

99.1 

30.4 

18.3 

8.9  Smoky  Hill  River  Basin 

44499 

40.8 

4.4 

54.4 

9,4 

28.7 

I8.I 

200 

10  Saline  River  Basin 

4-1499 

40.4 

40.4 

0.7 

22.0 

17.9 

240 

1 1 Notih  Fofk  Solomon  Rlaet 

4-8729 

38.1 

1.4 

i 36.7 

12.9 

13.3 

I0.S 

120 

1 2 South  Fork  Solomon  River 

6*8740 

24.4 

0.5 

25.9 

9.2 

7.5 

! 9.2 

120 

13  Solomon  River  Batin 

4-8749 

39.8 

1.5 

34.3 

24.4 

9.9 

550 

14  Bi|  Blue  River  Basin 

6*8820 

43.3 

8.1 

35.2 

22  8 

12.4 

530 

15  Little  Blue  River  Basin 

6*8840 

20.2 

4.0 

14.2 

11.7 

1 4.5 

250 

16  Lower  Blue  River  Basin 

92.3 

4.5 

47.8 

9.3 

30,0 

12.5 

17  Kan w Rivet  Batin 

74.9 

3.7 

71.2 

13.7 

33.1 

24,4 

Total 

7(9.4 

I 28.1 

747.5 

319.8 

247.9 

164.2 

I5  6" 

4.154 

LOWER  .MISSOURI 

6 Blue  River  Basin  (Mo.) 

4-8439 

0.5 

05 

0.2 

0.3 

90 

7 little  Blue  Basin  (Mo.) 

6*8940 

1.4 

1.4 

1.4 

70 

8 Cfooked  River  Batin 

4-8950 

0.5 

0.5 

0.5 

60 

9 Mo.  Valley  K.C.  to  Waverly 

9.2 

9.2 

9.2 

10  Wakenda  Creek  Basin 

6*8960 

.0 

,0 

.0 

90 

1 1 Grand  Rivet  Batin 

4-9020 

43.4 

23.9 

19.5 

19  5 

2,600 

12  (liariton  River  Basin 

4-9099 

14.3 

l.l 

15.2 

0.4 

11.9 

2.9 

770 

13  Lamine  River  Basin 

6*9070 

1.9 

0.7 

1.2 

1.2 

320 

14  Blaekwalcr  Rivet  Bavin 

4-9080 

2.8 

09 

2.3 

2.3 

490 

15  Mo.  Valley  Wavcriy  to  Boonvilic 

9.8 

9.8 

9.8 

16*20  Osage  River  Basin 

119.3 

12.8 

106.9 

2.3 

88.1 

16,1 

6,600 

22  Gasconade  River  Basin 

6-9335 

5.3 

08 

4.5 

3.4 

1.1 

1.700 

23  .Mo.  Valley  Boonvilic  to  Hermann 

. 48 

1.7 

3.1 

3.1 

Total 

240.0 

413 

218.9 

2,9 

100.0 

3,4 

67,4 

44,8" 

17.263 

2|it(^ludei  }->VL  dfvelopmenii  cau>in|  d(pl«(!oni  during  th«  p«ttod  of  rtcord«  Ihvy  ate  fetieiahy  intifnificanl.  but  excepdont  arc*  U-l  Bend  in  Atoa  1?  of  Upper  Miixouii 
Subbasin  and  Area  I of  lilaitern  Ualota  Subbaain  anocialed  xvith  (jarcbon  Uivmion  Unit.  Neither  Ueompleied  (<idale,  but  \mII  evaporate  SO.Oand  bOO  thmivxmi  AJ  . 
rexpectlveiy. 

^Ircludet  selective  cuninf,  thinninft,  and  manafement  praetkes  whkh  lnct(axe  runoff. 

^Kffecu  on  all  lands  (Federal  and  prKale)  front!  land  trealmeni  (ccmiouring,  terracinf.  drainage  and  veater  xpreadini;). minor  (mpoutidmenis  (farm  ponds,  siugouh.  erosion 
control,  fisheries,  recreation  ponds  and  small  irrifation  reservoirs  of  all  aiencks.  ffoups  and  individuals),  and  upstream  watershed  structural  measures. 

I^Municipal  effluent  from  imported  water. 

i^Nefative  depletions  (accretions  in  Areas  ?,  8.9,  and  to  are  increased  return  flows  from  import- 

I <Hural  domestic  and  livestoclr  - 2.1) Mining  - 4.2;M4t  >*10  0 (effluent) and  U2 consumed: hvdropow-er  diversion  42.3  in  Area  I $ le turns  41.0  fn  Aiea  I?  for  depletion 
of  l.3:thermal  power  - 2.4. 

l^Kural  domestic  and  livestock  - 60.0  Mining  » 0.2  M&l  « 38.U 

I^Kuraldomestkandlivestock -*  11.7  Mining  *0.2  M4I  -■  3.7 

‘ ^Kural  domestic  and  livestock  > lO.I  Mining*0.4  M41X34.3  7 7 
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TolU 

1916 

ID 

im 
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K3H 

-Fwmtry 
’ 'Ikaciicm  - 

■Tiiglmnil 

aMKiiia 

ORm 

Uaat 

nbimmiiil 

Acre-Feet) 

From  Upper  MimoM  Triba. 

6SI.$ 

216.2 

465.9 

277.3 

151.8 

•16.9-  _ 

53.2 

Evaporataoft  at  Fort  Ret. 

441. 0> 

441.0 

1 

FORT  FECK  DAM 

I.I22A 

657.2 

465.4 

277.3 

ISI.8 

-16.9 

53.2 

Foci  Feck  toGaniiaa  Dam 

From  Upper  Mmonri  Tribt. 

135.7 

16.0 

119.7 

49.5 

1.0 

... 

55.2 

14.0 

From  YeOowttone  iawi 

«39.9 

268.9 

361.0 

213.1 

82.3 

-15.9 

65.3 

16.2 

From  Wetlem  Dakota  Tribs. 

2R.7 

5.0 

23.7  I 

8.2 

1.5 

14.0 

... 

From  Eastern  Dakota  Tnbt. 

SS.I 

9.4 

58.7  1 

54.0 

... 

4.7 

Evaporation  at  Garrison  Ret. 

545.0' 

545.0 

545.0 

... 

... 

... 

GARRIMm  DAM 

3.530.0 

956.5 

1,5735 

602.1 

780.1 

-21.3 

192.4 

30.2 

Garrison  to  Oahe  Dam 

From  Western  Dakota  Tribs. 

2645 

20.1 

244^ 

147.0 

00.3 

•10.6. 

1 57.2 

9.9 

From  Eastern  Dakota  Tribi 

54.1 

14.1 

40.0 

19.8 

...  j 

5.7 

I4.S 

Evaporation  at  Oahe  Ret. 

420.0* 

420.0  1 

420.0 

OAHE  DAM 

3.2«8.ti  • 

990.7 

2.277.9 

769.5 

1 240.4 

-41.7  i 

iSS.i 

54.6 

Oihe  lo  Big  Rend  Doiii 

’ 

From  Western  Dakota  Tribs. 

IS.8 

7.5 

8.3 

2.0 

....  . 

0.4 

5.9 

Evaporation  at  Rig  Rend  Ret. 

76.0' 

76.0 

76.0 

BIG  BEND  DAM 

3.360.4 

998.2 

2.3S2.2 

771.5 

1.316.4 

•41.5 

261.2 

54.6 

Big  Bcrul  lo  Fort  Randall  Dnm 

From  Western  Dakota  Tribs. 

56.5 

14.3 

■42.2 

19.4 

06 

22.3 

From  Eastern  Dakota  Tribs. 

52.4 

1K4 

41.0 

29.5 

0.7 

7.4 

3.4 

Evaporation  at  foh  Randall  Ret. 

73.0' 

77.0 

77.0 

FORT  RANDALL  DAM 

3.546.3 

1.023.9 

2522.4 

820.4 

1.393.4 

•40.2  ! 

290.8 

58.0 

Fort  Randall  to  Gavins  Point 

• 

From  Eastern  Dakota  Tribt. 

25.4 

5.8  ■ 

19.6 

I4f7 

3.3 

1 6 

From  Niobrara  Basin 

«.7 

0.6 

%.i 

86.8 

>i 

5.9 

Evaporation  at  Gavins  Point  Res. 

27.0' 

27.0 

27.0 

GAVINS  POINT  DAM 

3.695.4 

1.030.3 

2.665.1 

921.9 

1,423.8 

•40.2 

59.6 

Gavini  Point  lo  Skhk  City 

115.5 

8.5 

106.9 

85.4 

2.4 

1.3.4 

SIOUX  CITY.  IOWA 

3.810.9 

1.038.9 

2.772.0 

1.007.3 

1.425.2 

•40.2 

305.7 

73.0 

Sioux  City  to  Omaha 

82.2 

10.9 

71.3 

19.4 

51.9 

OMAHA.  NEBRASKA 

.3.893.1 

1,049.8 

2.843.3 

1.025.7 

1.425.2 

40.2 

3585 

73.0 

Omaha  to  Nebraska  City 

From  Middle  Missouri  Tribs 

635 

2.5 

61.0 

32.8 

60 

22,2 

From  Plallc  Rivet  Basin 

M2.9 

140.3 

762.6 

555.3 

91.9 

44.8 

59.0 

U2 

NEBRASKA  CITY.  NEBRASKA 

4.859.6 

1.192.7 

3.666.9 

1,714.8 

1.523.1 

■85.0 

439.8 

74.2 

Nebraska  City  to  Kansas  City 

. From  .Middle  Missouri  Tribs. 

233.5 

18.5 

214.9 

23.5 

93.2 

98,2 

From  Kansas  River  Badn 

795.6 

28.1 

7675 

319.8 

267,9 

I54;2 

15.6 

KANSAS  CITY.  MISSOURI 

5,888.7 

1,239.4 

1 4,649.3 

2.058.1 

1.791.0 

•85.0 

697.2 

1881) 

Kansas  City  to  Rponviilc 

130.5 

26.2 

1 104.4 

0.4 

11.9 

47.1 

BOONVILLE,  MISSOURI 

5.015.3 

1,255.5 

’ 4.753  7 

2.058.7 

1.802.9 

•85  a# 

' 7J4.3 

188,0 

Roonvtilc  to  Hermann 

129.4 

15.3 

1 114.1 

2.3 

88.1 

34 

20  3 

44.8 

HERMANN.  MISSOURI 

1 6,148.7 

1.280.9 

4,867.8 

2.051.0 

1.891.0 

•81.6 

764.6 

232.8 

* EMimated  evaporation  from  Main  Stem  Rc<cr>oirs  bj>cd  on  Operation  Study  EG0R*I9A.  ‘n>e'«:  valuer  were  Nub>tanliatcd  upon  completion  of  an  operation  study 
conducted  for  comprchcmivc  basin  planning  and  u\ing  average  annual  tnbutar>'  depletion'^  >bovi  n liercin. 


[ 

r 


78 


Depletions  by  municipal  and  industrial  water  supply 
and  rural  domestic  water  supply  were  based  on  the 
increased  usage  for  these  purposes  indicated  by  compari- 
son of  population  and  actual  use  rates  in  1940  with 
1970  projected  population  and  1970  projected  use  rates 
per  person.  Consumptive  use  of  water  for  these  purposes 
range  from  20  to  30  percent  of  the  gross  water 
requirement.  Depletions  were  applied  uniformly 
throu^out  the  year.  Depletions  for  thermal  power 
plants  are  included  in  the  depletions  for  municipal  and 
industrial  water  supply  except  where  the  power  plant 
intakes  had  obvious  non-urban  locations. 

Land  treatment  measures  considered  to  have  a sig- 
nificant effect  on  watersupply  include  contour  farming, 
terraces,  waterspreading,  farm  ponds,  and  drainage  im- 
provements. Except  for  drainage  improvements,  these 
measures  normally  cause  some  depletion  of  streamflow 
in  most  watersheds  in  the  Missouri  Basin,  with  the 
magnitude  of  depiction  influenced  by  the  location^ 
geology,  soils,  and  climate  of  each  w'atershed  and  the 
percentage  of  watershed  area  to  which  land  and  treat- 
ment measures  are  applied.  Procedures  used  to  estimate 
depletions  are  explained  in  the  U.  S.  Department  of 
Agriculture  Technical  Bulletin  No.  1352,  “Development 
of  a PrrK'edure  for  Estimating  the  Effects  of  Land  and 
Watershed  Treatment  on  Streamflow,”  a publication 
which  was  the  result  of  a cooperative  study  by  the  Soil 
Conservation  Service,  the  Agricultural  Research  Service, 
and  the  Bureau  of  Reclamation. 

Small  reservoirs  usually  operate  on  a cyclic  pattern. 
Generally,  they  fill  in  late  spring,  are  drawn  down 
through  the  summer  and  fall  months,  and  begin  to  refill 
after  the  winter  period  ends.  They  regulate  natural  flows 
by  reducing  higli  flows  and  increasing  low  flows. 
Normally,  they  deplete  str  -miflows  only  to  the  extent 
of  net  evaprrralion  lossc-. 

Forestry  depletions  were  estimated  for  reservo^sand 
stock  ponds  on  lands  administered  by  the  U.  S.  Forest 
Service,  and  were  limited  to  net  evaporation  losses. 
Forestry  accretions  were  estirrrated  for  areas  on  which 
forest  harvest  has  been  accomplished  or  is  planned 
during  the  period  from  1949  to  1970.  Past  stirdieshave 
shown  that  an  average  annual  water  yield  of  one 
acre-foot  per  acre  is  representative  of  forc.sted  central 
Rocky  Mountairr  water.sheds.  Measurements  at  the 
Fraser  Experirrteirtal  Forest,  as  well  as  .sther  Colorado 
.studies,  have  shown  that  forest  cutting  increases  water 
yields  by  25  to  35  percent.  An  increase  of  22.5  percent 
was  used  in  the  Missouri  B:’.sin  studies  to  allow  for  the 
effect  of  regeneration  of  the  earlier  cuttings  during  the 
study  period.  Effects  of  construction,  forest  fires,  and 
other  change.s  were  considered  to  be  offset  by  reforest- 
ation and  other  forest  improvement  measures.  The  net 
effect  of  forest  management  on  lustorical  streamflow  is 
an  accretion,  or  negative  depletion. 


Stramifloiiv  Radiation,  1970  Development 

Large  reservoirs  frequently  are  designed  to  draw 
down  or  refill  over  a period  of  years.  Thus,  in  any 
specific  year,  they  ihight  reduce  or  increase  natural 
streamfidws  by  amounts  varying  over  a substantial  range. 
Since  monthly  operation  studies  are  available  for  all 
large  reservoirs,  the  effect  of  any  reservoir  on  natur'*! 
streamflow  under  conditions  of  1970  development  was 
readily  determined  by  the  difference  between  the 
planned  1970  release  and  the  historic  release  for  any 
specific  month.  For  a reservoir  not  historically  in 
operation,  the  effect  was  determined  by  the  difference 
between  the  planned  1970  release  and  the  natural' 
streamflow. 

Some  reservoirs  were  in  operation  throughout  tiie 
period  of  streamflow  record,  but  past  operations  were 
not  representative  of  those  that  will  be  necessary  under 
1970  conditions  and  demands.  In  such  cases,  new 
operation  studies  were  made,  and  the  monthly  releases 
shown  by  the  new  studies  were  compared  with  historic 
monthly  releases  to  determine  the  effect  on  streamflow 
under  1970  conditions  of  development. 

Reservoirs  that  were  constructed  and  began. operation 
during  the  period  of  streamflow  record  required  special 
consideration,  in  each  such  case,  actual  flows  during  the 
period  the  reservoir  was  in  operation  were  modified  to 
obtain  flows  as  they  would  have  been  without  the 
reservoir  in  operation.  Amew  operation  study  consistent 
with  1970  release  requirements  then  was  made,  begin- 
ning with  an  assumed  full  seasonal  storage.  The  differ- 
ence between  the  monthly  releases  shown  by  the  new 
operation  studies  and  the  reconstituted  natural  flows 
was  adopted  as  indicative  of  the  regulating  effect  of  the 
reservoir. 


Remaining  Surface-Water  Supply, 
1970  Development 


Tabulations  of  remaining  monthly  streamflow  vol- 
umes under  conditions  of  1970  development  have  been 
derived  for  110  locations  in  the  Missouri  Basin.  Plate  17 
shows  the  locations  for  which  these  1970  condition 
streamflow  tabulations  were  derived.  Table  17  is  an 
example  of  the  1970  condition  streamflow  tabulation 
for  Hamburg,  la.  All  of  the  monthly  tabulations  ate 
included  in  the  working  papers  prepared  by  the  llydiol- 
ogic  Work  Group. 

As  previously  indicated,  the  total  annual  volume  of 
remaining  surface  water  supply  under  1970  conditions 
ot  development  is  shown  for  each  subbasin  on  plate  lo. 
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MISSOURI  RIVER  MAIN  STEM  RESERVOIR 
REGULATION 

General 

The  Missouri  River  main  stem  reservoirs  have  been 
operating  as  a system  for  about  IS  years.  Durii^  this 
period  the  reservoirs  have  flUed  to  normal  operating 
levels  while  providing  service  to  four  primary  and  several 
secondary  purposes.  In  serving  these  functions  the 
system  has  completely  regulated  the  flow  of  the  Missouri 
River  from  Fort  Peck,  Mont.,  to  Yankton,  S.  Oak.;  has 
markedly  affected  streamllows  on  the  lower  Missouri 
River,  and,,  to  a lesser  degree,  on  the  Mississippi  River. 
The  actual  (Operation,  during  a major  portion  of  this 
period,  has  been  atypical,  since  the  reservoirs  were  in  the 
process  of  filling.  In  addition,  during  the  I9S4-I962 
interval,  reservoir  inflows  were  generally  well  below 
normal. 

The  Main  Stem  Reservoir  System 

The  six  Missouri  River  main  stem  dams  are  located  in 
the  reach  from  just  above  Yankton,  S.  Dak.,' to  Glasgow, 
Mont.,  as  shown  on  plate  17.  The  dams  are  earth  fill 
with  appropriately  sized  outlet  works,  spillways  and 
power  installations.  The  spillways  have  discharge  capa- 
bilities ranging  from  250,000  to  827,000  cfs  and  the 
outlet  works  have  discharge  capabilities  ranging  from 
zero  (at  Big  Bend  and  Gavins  Point)  to  128.000  cfs  at 
Fort  Randall.  Hydropower  installations  range  in  size 
from  100,000  kw  to  595,000  kw,  totaling 

2.048.000  kw.  Pertinent  engineering  data  for  the  indi- 
vidual projects,  and  the  system,  are  given  on  table  18. 

The  reservoirs  contain  an  aggregate  storage  space  of 

75.240.000  acre-feet,  somewhat  greater  tha'n  three  times 
the  average  annual  flow  of  the  Missouri  River  at  the 
lowermost  dam.  Functionally,  the  main  stem  reservoirs 
and  powerplants  operate  as  a hydraulically  and  electri- 
cally integrated  system.  All  reservoirs  except  Big  Bend 
have  the  storage  divided  into  four  zones,  as  listed  in 
table  18  and  described  below. 

Exclusive  Flood  Control  Zone-  The  top  zone  of 

4.840.000  acre-feet,  b7<  of  the  total  storage,  is  reserved 
exclusively  for  Hood  control.  Impoundments  in  this 
zone  are  evacuated  as  soon  as  downstream  conditions 
permit,  in  the  interest  of  having  space  available  to 
tuutrol  future  floods,  .should  they  occur. 

Annual  Flood  Control  and  Multiple-Use  Zone-  This 
zone,  which  lies  immediately  below  the  Exclusive  Flood 
Control  zone,  contains  1 1 ,6(X).000  acre-feet,  l59<  of  the 
total  storage  space.  Reservoir  regulation  criteria  are 
designed  to  empty  this  zone  by  I March  of  each  year. 


The  zone  is  then  filled,  to  the  extent  inflows  permit,  in 
the  March  to  July  high-water  season  and  then  drawn 
down  for  multiple  purposes  during  the  low-flow  season 
which  extends  from  late  summer  through  winter. 

Carryover  MuMpk-Use  Zone-  This  zone  of  41,I60;000 
acre-feet,  55%  of  the  total  storage,  provides  a reserve  of 
multiple-use  storage  for  serving  navigation,  power,  irriga- 
tion, and  other  conservation  functions  during  prolonged 
low-flow  periods  of  up  to  several  years  duration.  In 
event  of  a recurrence' of  an  extended  drou^t  period 
such  as  the  1930’$,  it  would  be  necessary  to  empty  this 
storage  zone  to  maintain  a satisfactory  level  of  service  to 
all  functions. 

Inactive  Zone-  This  zone  provides  an  assured  minimum 
pool  level  for  power,  irrigation  pump  diversions,  recre- 
ation, fish  and  wildlife  purposes,  and  provides  storage 
capacity  for  sediment  accumulation,  it  contains 

17,640,000  acre-feet.  24%  of  the  total. 

General  Criteria  for  System  Regulation 

In  the  planning  .fOr,  and  the  operation  of,  the  main 
stem  reservoirs,  the  generaK^.iteria  and  procedures  have 
been: 

a.  To  maintain  adequate  seasonal  and  year-around 
storage  capacity  available  for  flood  control  on  the 
Missouri  River. 

b.  To  provide  the  water  requirements  of  irrigation 
from  flows  before  regulation  of  the  remaining 
water  available  to  supply  other  purposes. 

c.  To  pattern  the  releases  from  the  lower  end  of  the 
main  stem  system  to  supply  the  varying  seasonal 
requirements  of  water  quality  control,  and  naviga- 
tion which  provides  adequate  water  levels  for 
municipal  water  intakes. 

d.  With  internal  adjustments  in  the  system  and 
moderate  adjustments  in  outflow  from  the  system, 
to  .sustain  the  highest  system  power  output  con- 
.sistent  with  the  other  primary  functions  of  flood 
control,  irrigation,  and  navigation. 

Flood  control  operations  ot  the  mam  stem  reservoirs 
are  aimed  at  controlling  floods  on  reaches  of  the 
Missouri  River  between  ie,servoirs,  and  minimizing  flood 
damages  from  Gavins  Point  Dam  downstream  to  the 
mouth  of  the  Missouri  River.  The  main  stem  reservoirs 
are  operated  in  conjunction  with  many  tributary  reser- 
voirs and  the  lower  river  levees  and  local  protection 
systems  for  control  of  floods  on  the  Missouri  River. 

The  principal  functions  of  the  main  stem  reservoirs  in 
serving  irrigation  are  to  provide  water  from  storage 
during  periods  of  deficient  flows,  to  reduce  diversion 
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Table  18  - SUMMARY  OF  ENGINEERING  DATA  - MISSOURI  RIVER  MAIN  STEM  RESERVOIRS 


lUN 

iO. 

SWJCCT 

Fin  KC. 

CMIISW 

. 

I 

locdtIoA  of  oa» 

Near  Glasgow.  Montana 

•ear  Garrison,-  a.  DaA. 

•ear  Pierre,.  S.  oah. 

2 

ftivr*r  - 1*60  p^il«age 

Mil.  WJI.i 

Mile  1389.9 

^Mile  1072.3 

} 

fOta*  4 inrrn<«ent4l  OM.naoA 
tmasi,  $..v4re 

57,500 

181,400  (»)  123.900 

3a3.a90  <f>  42.090 

4 

Approyfmdt'  ic»*gth  of  full 

ffAervcii  rjn  r»n*r 

13a,  ending  near  2ortman,  Mont. 

178,  ending  .near  Trenton, 

a.  0. 

231*'8hd!ng  near  lisatarck.  •«  & 

5 

Shor«liff*  - Ml. 

162.  r.i.  22j<>  ’ 

13aO  <87.  IBSf.9) 

2260  ($1. 

6 

?0TaJ  i iiv'.v.  -Mil 
»A 

9,9C0 

T5:200  15,300 

28.400  3.200 

7 

Max.  OiSCMfge  e*  Record  near 

Oa«slte  in  c/a 

137,000  //•««  iPiiy 

36..000  (op'll  1.62) 

•40,000  <A#ril  iMiy 

8 

Construction  started  - Cat.  yr. 

t»33 

1944 

1948 

9 

In  operat  ion  («)  Cat.  yr. 

: IMd 

1955 

1942 

to 

MM  HO  CWMINCIT 

Top  of  Daw'/Clev,  ft.  »»sl 

lengtn  of  Oa*^  in  feet 
Oaniming  Height,  feet  <j; 

22AC.5 

220 

i87S 



1440 

9,300  (9Mt Imdioi  optlloof) 
200 

ii 

180 

i) 

Kiv imar  Heinht , feet  <$) 

250.5 

202 

245 

:< 

Msx.  lase  «ioth,  total  a m/o 
aer«s,  feet 

3500:2700 

3400;205C 

3500:1500 

It 

Ahut<i<>nt  Formations  (Vn4*t^pom 

a •mbonkmont ) 

Searpaw  shale  and  Glacial  Til! 

Fort  union  Clay-Shale 

Pierre  shale 

16 

Type  of  fill 

hydraulic  4 rolled  earth  fill 

Rolled  earth  fill 

Rolled  earth  fill  4 shaie  Penns 

17 

rili  Quantity.  Cu.  yds. 

125,626,000 

66,500.000 

55.000,000  4 37,000.000 

28 

volume  of  concrete  rc«<  yft.> 

1,200.000 

1.500,000 

1,045.000 

19 

Date  of  closure 

24  June  1937 

16  opril  1.S3 

3 August  1958 

■mxBirwn  ^ 

20 

locat  iorv 

Right  oanx  • remote 

left  oanN  - adjacent 

Right  pank  - remote 

21 

Crc5t  nevatlon,  «si 

2225 

1825 

1596.5 

22 

820  gated 

1334  gated 

456  gated 

*3 

ho.,  5»2e  ard  lyoe  of  Cates 

u-«o*«26*  y.rlie.)  lift  Ci.s 

28-t0*«29»  lainier 

.8-50**23.5*  Tainter 

2tf 

Cc6i)''  OiS«>-»r^<  Capaci'y,  t's 

275,000  It  etev.  2253.3 

IIT.OM  at  elcv.  U5\5 

3M.0M  6t  «tov.  166. .6 

it 

Discharge  Capacily  a*  Maxlmj* 

230.000 

440,000 

80.000 

cperatino  Fool,  cf' 

iCSCIVOlft  DATA  r«) 

26 

Max,  Operat {no  Pool  tlev.  4 *rci 

2760  ms1  2.7.CC0  oer« 

1660  nsl  362.000  otres 

1620  Ml  376,060  «cr6( 

27 

Mav.  hor,  opcr.  fool  Clcv,i  Area 

22«.  .Ml  233.000  «r.l 

1660  nsl  368.000'0cres 

1617  nsl  366,000  6C16I 

26 

8a<e  Mood  Control  CiOv.  | Area 

223«  »^1  215,000  acre? 

1837,5  nsl  323,000  acres 

1607.6  issi  313.000  .ores 

»» 

30 

M|n,  oper.  Pool  iiev.  a Area 
Storage  Allocation,  Ci^v.  i Cap. 
(xcluswe  now  CoMrni 

2160  msl  93.000  aert*. 

2250-2246  1,000,000  a.f. 

1775  msl  129.000  ACres 

1854.1850  1.500.000  a.f.fffJ 

1540  m$l  119,000  acres 

1620-1617  1,100.000  a.f. 

.1 

Flood  Control  A Multiple  use 

22«-223«  2.700,000  0.7. 

1660-1637.6  6,300,000  0.7 

f»i2 

1617-1607.6  3.200,000  ..7, 

3S 

Carryover  Mult  iple  die 

223<-2UO  11,100.000  0.7. 

1837.5-1776  13.600,000  0.7 

.fff.i 

1607.6-1660  13.600,000  >.7. 

33 

inaci  ive 

'160-2030  4,300,000  a.f. 

1775-1673  6,000,000  0.7 

, 

1660-1616  6,600,000  6.7, 

•u 

Cross 

2250-2030  19,100,000  a.f. 

1854-1673  2«,ftOh.hOO  a.f 

.|7I.> 

1620-1616  23,600,000  6.7. 

36 

Reservoir  filling  ini*iaied 

>ovemper  1937 

Oecemper  1953 

August  1958 

Initially  reached  Min.  Ope^  Pool 

27  Hay  1942 

7 August  1955 

j April  16,2 

.37  . 

tst.  Annual  Sediment  Inflo* 

17,600  0.7. 

36.100  0.7, 

32.300  6.7. 

tUUIT  yilll  IITi 

33 

iooai ion 

Right  panN 

Right  oanii 

Right  pank 

3» 

humeer  and  si/e  of  oowui's 

2-2«'0*  alo,  (M.-t  2*0 

1-26'  dio,  oru)  2-22'  dio. 

6-19,75*  dia.  upstream;  18.25* 
dla.  downstream 

iO 

length  of  Conduits  in  feet  <1/ 

NO,  3’'9|A15,  NO,  4-7.240 

1529 

3496  to  3659 

Ml 

NO,,  si/e  and  type  of  service 
gates 

1-26’  did.  Cylindrical  gate 
6 por’s  7.6*v8.5*  h»gh  <nvi 
opontni)  in  each  control  shaft 

1-18**24, 5*»  Tainter  gate  per 
conduit  for  fine  regulation 

l-lj'*22»  per  conduit,  vertical 
lift:  4 capie  suspension  and 
2 hydraulic  suspension  (fin* 
r*4«la( l•M2 

-2 

entrance  invert  tlevatJon 

2095 

1671.9 

1425 

A3 

Avg,  Discharge  Cap.  per  conduit 
4 total 

tlev.  2250,22,500  Cf$-45,000  <fs 

Clev.  1154,32.700  €rs-98.oooeft 

tUv.  162O,16,6O0C7s-lll,OOOC7$ 

Present  lalUater  ciev.  (miI/ 

2033-2037  10,000-25.000  efs 

1676-1681  25,000-50,000 

CfS 

1424-1428  25,000-50,000  CfS 

.owe.  r.eiliVlll  i.o  oar.  - 

kt 

Avg.  Cross  Head  JvailaMe  in  feet 

205 

154 

115 

A6 

Hb'-^er  and  s,?e  vf  conduits 

No.  :-2»'8*  dU,;  NO.  2-22*4*dla 

5-29*  did.,  24*  penstocks 

7-24*  dia.,  impedded  penstocks 

a7 

length  of  conduits  in  feet  (tf 

»0.  1-6.663:  "0.  2-6.366 

1.829 

from  3.260  106.006 

Surge  lanvs 

PN»li  3-«0’  Ola.;  Pm2:  2-66’Olo 

65*  dia,,  2 per  penstock 

70*  dia.,  2 per  penstock 

A9 

NO.,  type  and  speed  of  igroines 

6-7ranel«.  7h«i-2-128.6. 

1-16-  rpm;  f«»2-2-l2(.6  r(W 

$-francis,  90  rpm 

7-Francis,  too  rpm 

so 

cap.  al  Kfii-tH 

PHil  units  113  120'.  2-l»C‘ 

7,600  C7s,  fH«2-2-l70'-7,2000'S 

IfO*  37.800  cfS 

165'  63.200  C7s 

51 

Cenerator  fiat ing,  Vw 

2-3^.000;  1-15.000:  2-40,000 

80,000 

15,000 

52 

Plsnl  capacity.  «* 

165.000 

400,00V 

595.000 

63 

OfWndstlt  5.jp.i<Uy.  n <»j 

158|000 

302. OCO 

512,000 

la 

*4vc?a3e  energy  . Mi M ion  h*h 

960 

1.886 

2.302 

55 

Initial  Cen.,  fir't  i iasi  uni* 

v-*y  1943  - uune  J961 

January  1956  - OCtoOer  i960 

April  1,62  - June  1,63 

REMARKS 

non*  (4)  Stottft  firt(  AvAjlAklf  /or 
r#|ul«l ion  of  /fooa 


(i)  Ine lud*4'4 tiiO  AObore  miitt 
f-ont  r ihut  io4  4tto», 

(})  t ,iS0  •4v«re  miJ*o  of  non> 

{‘onf  r ihul  in|  «rr»a 

^oof  01  b»if  of  flood  control. 

Corps  of  Engineers.  U.S.  Army 
Compiled  by  Missouri  River  Division 


(S)  pommint  holiht  ft  ^OI|Ar  /ron  loo 
*ofor  to  motimum  OfictOttni  pool 
iioal^vM  i«  /fo*  ovorAiR 

9l  ttoohtil  to  top  of  dom 


(4)  $»9od  on  coi^plttod  tyitom  ond 
l-ttttt  ovoiloklo  atoftt  dot* 

(7)  fiver  re#v/«ri«n  it  ottotnod  by 
flooa  over  loo-ertattd  aptllooy 
»nd  iSfouib  tutbinti 
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Trt>le  18  (Continued) 


II*  KW 

r«r  iMMu 

MVIU  WMT 

WH 

il  *i.  MMtf’***  CMfl8erlftift,S.O. 

■ear  uhe  andcs.  S.  oaa 

•ear  vankton.  9.  oak. 

1 

»;i1e  H7.« 

Mil,  Ma.4 

Hite  411.1 

2 

MJ.MO  (O 

9. MO 

743,aM  (3)  ta.190 

279.400  (t)  14,000 

5 

,i0«  tfitfi'H:  ne«r  Pterre,  s.  0. 

107,  ehdift)  at  tif  iehd  0a» 

29.  endii>9  near  Nioerara.  iiebr. 

795  Miles 

a 

260  rtJ.  I4t$) 

540  (tl.  3t$0) 

90  (tl.  ItPO.t) 

9.940  mites 

9 

29.900  1,100 

)1.4D0  1..00 

• 

««6eOM 

(4#r7f  iMt) 

4a7,.4«  (*0tl3  3H3) 

aoo.ooo  fdarJi  iPia; 

7 

l«Sf 

.1994 

1992 

8 

XH* 

144J 

1959 

9 

|««0 

1J44 

17)4 

40 

10;S70  (tmolodtoi  opitfof) 

10,700  (lotluitlmp  opHtoof} 

8.760  (fmel»dt»t  opllloor) 

71. 5M  reel 

U 

n 

140 

«9 

..)  real 

12 

•9 

149 

74 

1) 

1200:706 

4100:1290 
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pumping  liuuds.  und  to  provide  flow  regulation  to  offset 
tlie  depleting  effects  of  upstream  tributary  irrigation 
piojects  on  the  water  supply  available  for  lower  river 
use.  Actual  operation  of  the  reservoirs  as  far  as  irrigation 
service  is  concerned  piincipally  involves  maintaining 
adequate  pool  levels  and  river  flow  rates  to  supply  the 
irrigation  inunping  stations  during  the  growing  season. 

Operation  of  the  main  stem  reservoir  system  for 
navigation  involves  releasing  water  from  the  lowermost 
reservoirs  of  the  system  at  sufficient  rates  for  mainte- 
nance of  adequate  channel  depths  in  the  7.»0-mile. 
open-channel.  Missouri  River  navigation  project  between 
Sioux  City  and  the  mouth  of  the  Missouri  during  the 
navigation  season.  Ice  conditions  normally  limit  naviga- 
tion releases  to  an  8-monih  season,  from  late  March  to 
late  November  In  future  years,  some  reduction  in  length 
of  navigation  seasons  will  be  necessary  occasionally  in 
series  of  critically  low'  How  years.  Releases  during  the 
iiotHiavigation  season  are  made  to  maintain  satisfactory 
water  quality  in  the  river,  although  these  releases  are 
substantially  lower  than  those  needed  for  navigation. 

Hydnielectric  power  is  pro'luced  by  making  essen- 
tially all  releases  through  the  powerplants.  with  the 
releases  at  the  various  projects  being  specially  nro- 
giammed  I'oi  maximum  power  consistetit  with  the  other 
major  futiciions.  For  example,  during  the  noti-navigation 
season  when  energy  generation  is  lower  at  the  down- 
siieam  pow'erplants,  due  to  seasonally  lower  w'ater 
releases  from  the  system,  the  upstream  platits  are 
operated  at  high  load  factors  and  the  dowtistream  plants 
aie  opeiated  at  low  load  factors,  except  for  Gavins 
Point.  Winter  releases  from  the  upstream  platits  which 
are  excess  to  lower  river  water  requirements  arc  moittly 
recaptured  in  Oahe  and  Fort  Randall,  and  saved  to  serve 
the  lower  tiver  in  the  cnsuitig  navigatioti  season. 

Although  the  service  lequirements  foi  the  various 
individual  functions  are  tiot  completely  compatible,  the 
amount  of  storage  capacity  provided  and  the  Hexibility 
available  from  complete  ititegration  of  the  six  projects 
into  a multiple-purpose  system  operation,  provide  for 
e.xcellent  service  for  all  main  li:'.v,'ions.  This  ititegrated 
multiple-purpose  operatioti  of  the  Missouri  River  main 
stem  reservoirs  for  the  priticipal  purposes  of  Hood 
control,  irrigation,  navigation,  water  quality,  and  power 
generation  also  provides  ample  flows  for  municipal  water 
supply  and  provides  quite  well  for  fish  and  wildlife  and 
recreation  activities.  Also,  special  opciations  which  make 
the  reseivoiis  oven  more  attractive  for  these  latter 
purposes  can  often  be  worked  into  the  over-all  system 
operation  progiam. 

Historic  Regulation  of  the  System 

To  a degiee.  system  regulations  began  in  Ib.s.t  when 
Fort  Randall  and  Garrison  ie.scivoirs  weie  fust  legulatcd 


in  conjunction  w’ith  Fort  Peck  Reservoir.  The  degree  of 
hydraulic  and  electrical  integration  of  system  operations 
gradually  increased  as  additional  reservoir  space  was 
provided,  as  power  units  came  into  service,  and  as 
storage  levels  in  individual  reservoirs  increased.  Regula- 
tion during  this  period  w'as  not  typical  of  what  may  be 
expected  in  the  future  due  to  the  occurrence  of  an 
ubiiormal  8-ycar  drought  period,  the  requirement  for 
filling  approximately  4.5  million  acre-feet  of  storage 
space,  the  ever-changing  nature  of  the  storage  space  to 
be  filled,  the  increasing  numbers  of  power  units  in 
service,  and  the  delay  in  development  of  irrigation 
diversions  from  the  reservoirs. 

During  the  interim  period  until  the  reservoirs  were 
finally  filled  to  normal  operating  levels  m l‘)67.  service 
to  power  and  to  navigation  was  below  normal.  Naviga- 
tion seasons  were  generally  shorter  than  the  normal 
8 months  and  firm  power  contracts  were  enteied  into  at 
a somewhat  slower  rate  than  would  have  been  desirable. 
Full  service  was  provided  to  Hood  control  during  the 
initial  fill  period,  since  storage  available  for  filling 
generally  greatly  exceeded  the  storage  allocated  to  fiood 
control  and  releases  were  at  reduced  levels  in  the  interest 
of  filling  storage.  The  reservoiis  have  fulfilled  only  a 
small  portion  of  their  irrigation  futiction  since  the 
proposed  large  Federal  projects  have  not  been  placed  in 
operation,  however,  private  irrigatois  are  accomplishing 
some  irrigation  by  ptunping  from  the  river  and  leser- 
voirs.  Recieational  tisage  of  the  re.servoirs  has  increased 
each  year  t.tid  numerotis  special  operations  of  individual 
reservoiis  have  been  undertaken  to  enhance  fish  and 
wildlife  developments.  The  accomplishments  of  the  tnain 
stem  reset  voir  system  during  the  ititerim  period  of  initial 
fill  are -summari/ed  in  table  1'). 

Regulation  of  the  System  Under  1970 
Development  Conditions 

In  order  to  evaluate  the  effects  of  the  filled  reseivoii 
.system  during  a long  [leriod  of  hydrologic  record,  a 
monthly  reservoir  legulation  study  has  been  conducted 
for  the  period  18‘)8-1968.  This  study  demonstrates  the 
service  that  could  be  provided,  and  the  downsticam 
effects  theieof.  utili/.ing  inflows  to  the  .system  md  to 
downstream  reaches  after  depletion  of  stieamllows  by 
1970-level  projects.  This  1970-level  regulation  study  of 
the  main  stem  reservoirs  was  based  on  the  following 
conditions  atid  objectives: 

a.  Historical  streamflow.  as  obtained  largely  fiom 
uses  lecords,  but  tiiili/ing  estimates  during  some 
periods  for  which  records  aie  unavailable. 

b.  Streamflow  depletions  for  the  1970-level  of  de- 
velopment. essentially  in  accoidance  with  the 
average  annual  depletions  listed  in  table  Ki.e.xcepi 
as  discussed  below. 
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Table  19  - ACCOMPLISHMENTS OF  MISSOURI  RIVER  MAIN  STEM  RESERVOIR  SYSTEM 


Actual 

Actual 

fbwer  Generation 

1 

f 

Fiscal 

Calcwlar 

Year 

Adjusted’ 
Flow  at 
Sioux 
Gty 

Flow 

at 

Sioux 

Gty 

System 
Storage 
at  End 
or  Year 

Gross 

Eacriy 

Max 

Houriy 

Ptak 

! 

Fiand 

Year 

Reveutte 

IBKl 

Tatgel 

Flow 

Levels 

!.«» 

GumuetcU 

Tnnnaue 

Year 

Flood 

Dami^ 

hevented 

Recteational 
(’sage  • 
of 

Reservoirs 

(MAF) 

(MAF) 

(Bdbon 

KWH) 

(MW) 

(SMiHion) 

(Moniks) 

(efs^) 

(Miliiou 

Tons) 

($  Miliiou) 

(MMKon 
Visitor  Days) 

1953 

25.4 

22.8 

14.2 

0.6 

98^ 

2.0‘* 

7 

25-31-35 

0.2 

10.7 

0.6'‘ 

54 

19.1 

17.3 

14.6 

0.8 

196^ 

2.3^ 

7 

25-31-35 

0.3 

0.0 

1.1^ 

55 

16.1 

16.1 

13.6 

1.4 

298^ 

4.3‘‘ 

6-1/2 

25-31-35 

0.4 

0.0 

1.2 

56 

19.1 

16.8 

14.0 

2.3 

435 

5.7‘» 

7 

25-31-35 

0.3 

0.7 

1.6 

57 

21.8 

14.4 

20.0 

3.0 

666 

8.9 

6 

25-31-35 

0.3 

8.2 

2.1 

58 

16.6 

14.6 

20.9 

3.6 

669 

11.5 

7 

25-31-35 

0.6 

0.0 

2.4 

59 

20.1 

14.8 

24.4 

3.8 

723 

12.4 

7 

25-31-35 

0.8 

10.2 

2.8 

1960 

20.1 

16.0 

26.8 

3.4 

736 

12.3 

7-3/4 

25-31-35 

1.4 

95.2 

2.7 

61 

12.2 

13.5 

23.9 

3.9 

844 

13.7 

6-1/2 

25-31-35 

1.6 

1.6 

3.2 

62 

30.3 

16.3 

35.2 

3.9 

849 

15.1 

8 

25-31-35 

2.2 

15.0 

3.5 

63 

20.1 

15.6 

37.7 

5.5 

1266 

17.6 

8 

25-31-35 

2.3 

10.9 

3.2 

64 

23.7 

16.0 

43.1 

6.2 

1306 

22.0 

8 

25-31-35 

2.6 

41.7 

3.9 

65 

32.3 

17.1 

55.0 

8.5 

1622 

26.2 

8 

28-34-38 

2.3 

35  4 

4.4 

66 

19.1 

19.7 

51.7 

8.6 

1754 

31.5 

8 

28-34-38 

2.6 

46.5 

4.9 

67 

30.8^ 

19.4 

58.9 

9.7 

1922 

32.1 

8 

31-37-41 

2.6 

238.8 

6.6 

68 

24.0^ 

20.4-' 

59.4 

10.2 

2001 

37.0 

8-1/3 

31-37-41 

2.3 

8.1 

7.1 

I Adjusted  to  I9S0  level  of  basin  development 

^Kntry  denotes  target  flow  levels  at  Sioux  trily-Omaha.  Nebraska  City,  and  Kansas  City' in  1,000  efs,  'lhus,-25-3l-35  indicates 
target  flows  of  25,000  efs  at  Sioux  City  and/or  Omaha,  31,000  efs  at  Nebraska  City,  and  35,000  efs  at  Kansas  City,  Krom  1965 
through  1968  the  target  levels  represent  the  general  level  of  service  provided. 

^Hased  on  preliminary  data. 

^Estimated. 


e.  The  'oss  of  main  stem  reservoir  storage  by  sedi- 
mentation at  the  current  ievel  (June  l%9). 

d.  Maintenance  of  minimum  releases  to  meet  down- 
stream requirements  for  water  quality  control  and 
water  supply. 

e.  The  maintenance  of  the  highest  navigation  .stream- 
flow  rates  at  downstream  control  points  as  prac- 
tical with  the  available  water  supply. 

f.  Maintenance  of  an  adequate  reserve  of  storage 
space  in  each  reservoir  to  permit  controlling  of 
inflows  to  minimize  damages  during  downstream 
flood  situations. 

g.  Maintenance  of  release  rates  from  each  reservoir 
for  maximum  power  generation  consistent  with 
the  other  purposes  stated  herein. 

In  order  to  conduct  the  study  and  evaluate  the  effects 
of  reservoir  regulations,  the  Missouri  River  was  divided 
into  specific  reaches,  defined  by  the  main  stem  reservoirs 
and  Missouri  River  navigation  control  points  below  the 
system.  These  reach  boundaries  are  defined  by  the 
following  specific  locations: 

1 . Fort  Peck  Dam 

2.  Garrison  Dam 

5.  Oahe  Dam 

4.  Fort  Randall  Dam 

5.  Gavins  Point  Dam 

6.  Sioux  (?ity,  Iowa 

7.  Omaha,  Nebr. 

8.  Nebraska  City.  Nebr. 


9.  Kansas  City.  Mo. 

10.  Boonville,  Mo. 

1 1 . Mermann,  Mo. 

Historical  monthly  inflows  to  each  of  the  Missouri 
River  reaches  dellned  above  were  obtained  from  USGS 
records  and  USGS  estimates  (Water  Adequacy  Reports 
and  GS  Circular  108  dated  March  1951).  These  weie 
supplemented  by  Coips  of  Kngineers’  records  at  the 
main  stem  reservoirs  and  estimates  for  some  periods  at 
particular  locations  where  USGS  data  were  not  available. 
These  estimates  were  developed  to  be  consistent  with 
the  USGS  data  available  at  upstream  and  downstream 
stations. 

These  historical  inflows  represent  flows  during  a 
changing  level  of  water  resource  development.  During 
the  early  years  of  the  1898-1968  recoid  period  con- 
sidered, water  resource  developments  weie  few  and 
depletions  to  the  w'ater  supply  were  nominal  or  non- 
existent. How'tver,  in  the  later  years  of  the  period,  water 
resource  developments  and  resulting  stieamflow  deple- 
tions were  essentially  equal  to  those  present  at  the 
1970-level  of  development.  In  order  to  piovide  a 
consistent  .seiies  of  monthly  flow  lecoids  foi  the 
1970-level,  it  was  necc.ssary  to  adjust  the  historical  flows 
to  represent  flows  that  would  have  occurred  had  the 
1970-level  projects  been  in  full  operation  foi  the  entire 
period,  1898-1968.  Since  many  of  the  adjustments  were 
the  average  value  for  a particular  month  foi  the  entiie 
period,  it  was  necessary  to  modify  the  adjustments  to 


recognize  the  variation  in  water  supply  from  year  to 
year.  This  was  accomplished  by  means  of  abbreviated 
reservoir  regulation  studies  for  each  reach  which  con- 
sidered several  factors. 

a.  Amount  of  multiple-purpose  reservoir  storage  in 
the  reach  in  1970  (exclusive  of  flood  control 
storage  and  inactive  storage). 

b.  Maintenance  of  specified  minimum  flows  for  water 
quality  control  and  water  supply. 

c.  Limitations  on  the  maximum  percentage  of  the 
reach  inflow  that  could  be  depleted  each  month. 

This  abbreviated  study  resulted  in  a series  of  monthly 
depletion  estimates,  or  streamflow  adjustments,  which 
averaged  essentially  the  same  as  the  average  annual 
values  listed  in  table  16,  but  varied  month  by  month 
during  the  1898-1968  period,  depending  on  water 
supply  and  the  above  factors. 

Tlie  1970-level  main  stem  reservoir  regulation  study 
was  conducted  several  years  after  initiation  of  the  1970- 
level  depletion  study  and  after  the  Resources  Develop- 
ment Work  Group  has  rescheduled,  based  on  later 
information,  several  of  the  projects.  In  order  that  the 
Missouri  River  main  stem  reservoir  regulation  study 
would  be  reasonably  consistent  with  the  project  schedule 
envisioned  by  the  Resources  Development  Work  Group, 
several  adjustments  in  the  timing  of  the  previously 
assumed  project  developments  were  made.  This  involved 
transferring  the  Garrison  Diversion  Initial  Unit,  Mid- 
State  Division,  North  Loup  Division,  and  Narrows  Unit 
from  the  i970  development  level  to  the  1980  develop- 
ment level.  Depletions  by  tlie  other  reservoir  projects 
which  the  Resources  Development  Work  Group  re- 
scheduled from  1970  to  1980  were  relatively  minor 
(reservoir  evaporation  only)  and  rescheduling  of  these 
projects  was  ignored  for  purposes  of  conducting  the 
1970  reservoir  regulation  study. 

Monthly  evaporation  rates  for  the  main  stem  re.ser- 
voirs  were  obtained  from  the  working  paper  on  Evapo- 
ration by  the  Work  Group  on  Hydrologic  Analyses  and 
Projections.  The  selected  annual  net  evaporation  (lake 
evaporation  plus  runoff  minus  precipitation)  depths  for 
normal  climatic  periods  arc  as  follows; 


Fort  Peck 

27.5  inches 

Garrison 

20.0  inches 

Oahe 

20.0  inches 

Big  Bend 

19.5  inches 

Fort  Randall 

19.0  inches 

Gavins  Poini 

18.0  inche.s 

For  the  extreme  drought  period  of  I9.f0-I94l,  detailed 
estimates  of  evaporation  were  made,  considering  wind 
velocity,  humidity,  temperature,  and  precipitation  data 
actually  observed  in  tlie  vicinity  of  the  re.servoir  areas 
during  the  drought  period.  Monthly  distribution  of  the 
annual  evaporation  was  based  on  an  analysis  of  available 
reservoir  surface  temperature  and  piecipilation  data. 


Storage  space  has  been  provided  in  certain  USBR 
tributary  reservoirs  which  will  be  regulated  to  replace 
annual  flood  control  and  multiple-use  space  in  the  main 
stem  system.  With  this  space  available,  it  is  possible  to 
regulate  individual  main  stem  reservoirs  at  a h^er  level 
when  an  adequate  water  supply  is  available  with  no 
adverse  effects  on  the  ^stem’s  flood  control  function.  It 
was  assumed  in  this  study  that  1 .200,000  acre-feet  of 
replacement  storage  space  would  be  available  in  the  year 
1970,  located  primarily  in  Canyon  Ferry  and  Tiber 
reservoirs.  The  availability  of  this  replacement  storage 
space  effectively  increases  the  system  storage  at  the  base 
of  the  annual  flood  control  and  multiple-use  zone  by  a 
corresponding  amount  or.  under  the  1970  conditions, 
from  58,800,000  acre-feet  to  60,000,000  acre-feet. 


The  nameplate  ratings  of  power  installations  at  each 
plant  as  used  in  this  study  were  as  follow: 


Fort  Peck 
Garrison 
Ouhe 
Big  Bend 
Fort  Randall 
Gavins  Point 


165.000  kw 

400.000  kw 

595.000  kw 

468.000  kw 

320.000  kw 

100.000  kw 


TOTAL  2.048,000  kw 

The  maximum  peaking  capabilities  of  the  powerplants 
were  limited  to  the  greater  of  either  <a)  the  maximum 
which  has  been  actually  experienced,  or  (b)  107.5 
percent  of  the  nameplate  capacity,  with  the  exception  of 
Big  Bend  and  Gavins  Point.  At  Big  Bend,  a maximum 
capability  of  115  percent  of  nameplate  was  assumed, 
while  at  Gavins  Point  the  nameplate  capacity  was 
considered  the  maximum.  Actual  maximums  assumed  at 
each  plant  were  as  follow: 

Fort  Peck  205  megawatts 

Garrison  460  megawatts 

Oahe  660  megawatts 

Big  Bend  538  megawatts 

Fort  Randall  360  megawatts 

Gavins  Point  100  megawatts 


TOTAL  2,323  megawatts 

Maximum  permissible  mean  daily  release  rates  used  for 
this  study,  on  the  basis  of  present  information  on 
non-damaging  downstream  channel  capacities,  were  as 
follow; 

Daily  Mean  CFS  During 


Open  Water 

Ice  Cover 

Fort  Peck 

25,000 

12, .500 

Garrison 

75,000 

30,000 

Oahe 

100,000 

Powerplant 

Capacity 

Big  Bend 

100.000 

Powerplant 

Capacity 

Fort  Randall 

100.000 

15,000 

Gavins  Point 

100,000 

*15,000  cfs  from  Port  Randall  plus  intervening  inflow. 
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No  limitations  were  placed  on  daily  poweiplant  peaking 
operations  as  a result  of  ice  cover  conditions,  except  at 
Gavins  Point.  Gavins  Point  peaking  was  limited  to  not 
more  than  40  percent  departure  from  the  mean  release  or 
to  66  megawatts,  whichever  is  greater,  in  order  to  avoid 
objectionable  surges  downstream.  Minimum  permissible 
mean  daily  release  rates,  selected  for  this  study  largely 
on  the  basis  of  water  intake  and  power  peaking 
requirements,  were  as  follow: 


Fort  Peck 

3,000  cfs 

Garrison 

6,000  cfs 

Oahe 

6,000  cfs 

Big  Bend 

6,000  cfs 

Fort  Randall 

3,000  cfs 

Gavins  Point 

3,000  cfs 

At  all  reservoirs  above  Fort  Randall,  selected  minimum 
releases  in  the  study  were  more  than  adequate  to  meet 
estimated  water  quality  requirements  in  the  affected 
downstream  reaches.  During  the  navigation  season,  the 
required  releases  from  Fort  Randall  and  Gavins  Point 
were  well  in  excess  of  those  required  for  such  purposes. 
During  the  non-navigation  season,  releases  from  Fort 
Randall  in  excess  of  the  selected  minimum  were  sched- 
uled when  necessary  to  maintain  the  variable  minimum 
water  quality  control  requirements  at  Sioux  City, 
Omaha,  or  Kansas  City,  whichever  was  controlling  at  the 
time.  The  maximum  water  quality  control  flow  require- 
ments utilized  were  3,000  cfs  at  Sioux  City,  7,500  cfs  at 
Omaha,  and  9,000  cfs  at  Kansas  City.  Maximum 
requirements  would  be  applicable  for  the  summer 
months,  June  through  September.  During  the  winter 
period.  December  through  February  and  the  month  of 
May,  requirements  were  60  percent  of  the  maximum  and 
during  the  remainder  of  the  year  45  percent  of  the  maxi- 
mum. These  requirements  were  cstabiished  by  considera- 
tion of  current  sewage  treatment  practices  along  the 
river  and  maintenance  of  satisfactory  dissolved  oxygen 
levels  in  the  river  and  provide  an  interim  level  of  water 
quality  control.  Projected  requirements  for  the  1980, 
2000,  and  2020  levels  of  development  differ  from  those 
used  in  the  1970  .study  and  should  not  be  considered  to 
be  a demand  in  lieu  of  providing  effluent  treatment  which 
will  meet  the  standards  established  for  all  water  users. 

The  authori/.ec  9-foot  deep  by  .300-foot  wide  naviga- 
tion channel  on  the  Mi$.sonri  River  from  Sioux  City  to 
the  mouth  is  still  under  construction.  Until  this  con- 
struction is  completed  and  sufficient  time  elapses  for  the' 
river  to  complete  the  work  of  forming  the  navigation 
channel,  the  exact  magnitude  of  flows  required  for 
stitisfactory  navigation  cannot  be  determined.  Operating 
experience  to  date  has  indicated  that  increased  flow 
levels  are  required  to  maintain  similar  loading  depths  as 
one  progresses  downstream  in  the  navigation  project. 
While  no  increase  appears  necessary  between  Sioux  City 
and  Omaha,  the  increase  amounts  to  O.OOO  cfs  between 
Omaha  and  Nebraska  City  and  4,000  cfs  between 


Nebraska  City  and  Kansas  City.  The  main  stem  reservoirs 
are  currently  being  regulated  to  provide  these  increased 
flow  levels  at  these  locations  and  the  1970-level  regula- 
tion study  assumes  the  requirement  will  continue.  As 
yet,  no  flow  increase  other  than  that  which  naturally 
occurs  has  been  established  for  points  below  Kansas 
City.  The  1970-level  main  stem  reservoir  regulation 
study  utilized  navigation  flow  rates  of  25,000  to  31,000 
cfs  at  Sioux  City  and  Omaha,  27,000  to  37,000  cfs  at 
Nebraska  City,  and  3 1 ,000  to  4 1 ,000  cfs  at  Kansas  City, 
depending  on  the  status  of  storage  in  the  main  stem 
reservoirs.  Flows  above  these  levels  would  benefit 
navigation  by  minimizing  dredging  and  permitting 
greater  loading  depths.  Regulation  experience  has  also 
indicated  that  only  a portion  of  the  runoff  which 
originates  in  the  respective  reaches  below'  Gavins  Point 
Dam  can  be  effectively  used  in  meeting  downstream 
target  flows;  this  factor  was  considered  in  the  studies. 
Any  deficiencies  in  the  reach  inflows  below  the  required 
target  increments  must  be  supplied  by  reservoir  releases. 

The  level  of  navigation  flows  to  be  maintained, 
between  the  minimums  and  the  assumed  maximum 
beneficial  rates,  was  assumed  to  be  a function  of  system 
storage  on  1 March  and  on  I July.  Seiected  criteria 
allowed  an  increase  or  decrease  in  rates  at  these  times. 
The  length  of  the  navigation  season  was  established  on 
the  basis  of  total  system  storage  at  the  end  of  each 
month  during  the  period,  March  through  June.  Any 
required  shortening  of  the  season  was  made  at  the  end  of 
the  season.  In  this  manner,  the  season  would  always 
open  on  I April  at  the  mouth  of  the  Missouri  River,  but 
could  be  shortened  to  close  before  the  8-month. 

I December  date.  Shortening  of  the  season,  when 
necessary,  was  made  by  quarter-month  increments.  Flow 
levels  during  shortened  .seasons  were  always  at  the 
established  minimums. 

Additional  rules  relating  to  the  length  of  the  naviga- 
tion season  which  were  incorporated  in  the  criteria  were 
as  follow: 

a.  At  least  1 month’s  notice  must  be  provided  before 
the  navigation  season  is  lengthened.  For  example, 
if  indications  on  30  June  are  that  the  navigation 
releases  should  end  on  31  July,  the  season  will  not 
be  extended  beyond  31  July,  even  thougli  storage 
on  this  latter  date  would  indicate  an  extension  was 
possible. 

b.  At  least  2 month’s  notice  must  be  provided  before 
the  navigation  season  is  shortened.  For  example, 
if,  on  30  April,  the  table  indicates  that  navigation 
releases  .should  end  on  31  July,  the  season  w’ill  not 
be  shortened  prior  to  this  date  on  the  basis  of 
storage  on  31  May. 

c.  An  exception  to  previously  staled  criteria  con- 
cerning the  ending  dale  of  the  navigation  season 
was  that,  if  inflows  and  storage  balance  among  the 
piojccis  were  such  that  the  maintenance  of  a 
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navigation  season  length  of  less  than  8 months 
required  system  releases  in  excess  of  the  minimum 
navigatioii  level,  the  season  was  lengthened  to  the 
extent  necessary  to  restore  the  required  stor^ 
balance  while  maintaining  minimum  navigation 
flows. 

The  selected  maximum  releases  for  all  projects  above 
Gavins  Point  were  assumed  to  provide  effective  flood 
control  regulation  through  their  immediate  downstream 
reaches.  At  Gavins  Point,  the  flood  control  function  of 
the  ^slem  was  recognized  by  limiting  releases  throu^- 
out  the  entire  record  period  to  the  levels  which  were 
considered  necessary  for  flood  control  purposes.  During 
the  navigation  season,  this  flood  potential  was  defined 
by  the  antecedent  precipitation  index  (API).  For  study 
purposes,  this  potential  was  converted  into  limiting 
flows  at  Sioux  City,  month  by  month,  through  the 
entire  period  of  record. 

Prior  to  I August,  system  releases  in  excess  of  those 
assumed  to  provide  the  maximum  beneficial  service  to 
the  navigation  function  were  made  only  after  it  became 
apparent  that  sufficient  storage  had  been  accumulated  in 
the  annual  flood  control  and  multiple-use  zone  of  the 
system  to  satisfy  all  conservation  requirements  to  the 
succeeding  1 March.  After  I August,  system  releases  in 
excess  of  those  needed  for  navigation  were  made  only 
when  (hey  appeared  necessary  to  evacuate  the  annual 
flood  control  and  multiple-use  storage  space  prior  to  the 
succeeding  I March.  During  tlie  non-navigation  season 
sysiem  releases  were  a function  of  sy.stem  storage  at  the 
end  of  the  navigation  season  during  all  years  that  an 
8-month  season  was  provided.  T'lC''"  criteria  resulted  in 
non-navigation  releases  front  Fort  Kandall  approxi- 
mating 20,000  ufs  less  than  average  flows  maintained  at 
.Sioux  City  during  the  preceding  navigation  season.  Since 
average  navigation  flow  levels  at  Sioux  City  ranged  from 
25,000  to  35,000  cfs,  non-navigation  season  flows  at 
Sioux  City  following  an  8-inonth  navigation  season 
ranged  between  5,000  and  15,000  cfs.  If  it  was  necessary 
to  reduce  the  length  of  the  navigation  season  to  less  than 
8 months,  subsequent  nOuMiavigation  season  releases 
from  Fort  Randall  were  3,000  cfs  unless  higlier  releases 
were  required  to  supply  water  quality  control 
requirements.  Gavins  Point  passed  the  Fort  Randall 
releases  plus  the  incremental  runoff  between  these  two 
projects. 

At  the  beginning  of  the  study,  .storage  in  each 
reservoir  was  assumed  to  be  at  the  base  of  the  annual 
flood  control  zone.  Regulation  of  the  specific  projects 
comprising  the  system  was  based  on  target  storage  levels 
for  each  of  the  projects  and  flie  system  as  a whole.  These 
targets  were  utilized  to  maintain  balanced  system  storage 
insofar  as  practical,  and  repre.sent  desirable  storage  levels 
on  the  following  1 March  date,  provided  that,  in  (heir 
attainment,  other  criteria  governing  system  regulation 
could  be  met.  The  .system  target  storage  level  was 


defined  as  the  succeeding  I March  storage  level  wluch 
would  occur  with  the  current  navigation  level  provided 
subsequent  inflows  to  the  ^stem  were  normal.  The 
maximum  system  target  was  represented  by  storage  at 
the  base  of  the  annual  flood  control  and  multiple-use 
space.  Ta^ets  at  Big  Bend,  Fort  Randall,  and  Gavins 
Point  were  always  at  the  base  of  their  annual  flood 
control  and  multiple-use  space.  Storage  targets  at  the 
other  projects  were  related  to^the  ^stem  target.  Ta^ts 
were  computed  at  the  beginning  of  each  monthly  time 
period  through  the  study  and  the  difference  between  the 
actual  storage  and  the  target  sotrage  was  used  for 
scheduling  releases  above  selected  minimum  values  from 
the  projects.  During  all  years  with  8-month  navigation 
seasons,  winter  releases  from  both  Fort  Peck  and 
Ganison  were  limited  to  1 2,500  cfs  and  30,000  cfs, 
respectively.  These  are  the  maximum  winter  releases  that 
can  assuredly  be  made  under  ice,  although  actual 
operations  in  some  years  have  demonstrated  that  releases 
approaching  powerplant  capacity  from  both  projects  are 
possible  for  extended  periods  under  stable  ice  conditions 
without  causing  flooding.  With  less  than  8-month  navig- 
ation seasons,  winter  releases  from  these  two  projects 
(above  established  minimums)  were  based  oh  assumed 
pbwer  requirements.  As  a further  means  of  increasing 
the  winter  power  generation,  the  Fort  Randall  pool  was 
drawn  down  to  elevation  1320,  some  30  feet  below  its 
normal  level,  starting  3 months  before  the  end  of  the 
navigation  season.  Its  refill  during  the  winter  months 
allowed  greater  releases  and  corresponding  generation 
from  the  upstream  projects  than  would  have  been 
possible  if  the  drawdown  had  not  occurred. 

The  generation  of  energy  also  affected  the  rate  at 
which  releases  were  made  from  specific  projects  other 
than  Fort  Randall  and  Gavins  Point.  Energy  require- 
ments could  increase  the  level  of  powerplant  releases  at 
any  of  the  upstream  projects,  subject  to  flow  restrictions 
under  ice.  Specific  energy  targets  for  each  period 
examined  were  developed  from  seasonal  load  curves 
furnished  by  the  Bureau  of  Reclamation,  these  targets 
being  dependent  on  the  navigation  flow  level  being 
maintained  and.  when  a season  of  less  than  8 months 
occurred  or  was  anticipated,  the  targets  were  dependent 
on  the  length  of  the  navigation  season. 

Conclusions,  resulting  from  an  analysis  of  this  study, 
are  as  follow: 

a.  The  study  demonstrates  that  the  reservoir  system 
with  the  assigned  flood  control  storage  capacities 
was  fully  effective  for  flood  control  for  all  runoff 
conditions  experienced  during  the  1898-1968 
period,  as  adjusted  to  the  1970  level  of  basin 
development.  A reserve  of  exclusive  flood  control 
storage  space  was  maintained  at  all  times  while 
maximum  releases  were  limited  to  less  than  25,000 
cfs  from  Fort  Peck  and  less  than  75,000  cfs  from 
Garrison.  .Sioux  City  flows  were  at  all  times  at  or 
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below  the  level  pennitted  by  the  dowttstreain 
flood  potential,  and  storafe  was  evacuated  to  neat 
or  belm  the  base  of  flood  control  (with  allowahce 
for  replacement  storafe  space)  prior  to  the  ^wing 
flood  season  of  each  year. 

b.  Sufficient  releases  were  maintained  from  the  reser- 
voirs to  meet  any  requirements  for  irrigation  at  or 
below  the  projects.  The  effects  of  1970  irrigation 
projects  on  inflows  to  the  system  and  releases 
from  the  system  were  considered  throughout  the 
study.  No  large-scale  irrigation  projects  utiUzii^ 
water  directly  from  the  reservoirs  were  in  opera- 
tion. 

c.  Navigation  flows  of  25,000  to  35,000  cfs  at  Sioux 
City  were  maintained  for  full  8-montli  navigation 
seasons,  23  March  through  22  November,  for  66 
years  of  the  71-year  study.  As  a result  of  drought 
conditions  in  the  I930’s,  navigation  seasons  of  less 
than  8 months’  duration  with  navigation  flows  at 
minimum  rates  (25,000  cfs  at  Sioux  City)  occur- 
red for  5 years  of  the  study.  The  minimum  length 
of  the  navigation  season  was  6-3/4  months.  The 
distribution  of  navigation  season  lengths  through 
the  1898-1968  period  is  shown  by  the  following 
tabulation: 


Season  Length, 
Months 


Yean 

Experienced 


8.00  66 

7.75  1 

7.25  1 

7.00  I 

6.75  2 

TOTAL  ~tT 


other  purposes  exceeded  these  requirements.  How- 
ever, during  non-nav%ation  periods  foUowii^ 
periods  when  less  than  an  8-ihonth  navigation 
season  had  been  provided,  these  water  quality 
r^irerhents  established  the  system  releases.  This 
occurred  in  5 out  of  71  years, 
e.  The  nameplate  output  and  the  December  peaking 
capability  at  the  end  of  the  fourth  year  of  the 
drought  of  the  I930’s  (December  1933),  are  as 
follow: 


Nameplaie  December  1933 

Rttting 

CaptdHlity 

0,000  Ew) 

(1,000  kw) 

Fort  Peck 

165 

185 

Garrison 

400 

399 

Oahe 

595 

5^6 

Big  Bend 

468 

538 

Fort  Randall 

320 

277 

Gavins  Point 

100 

66 

System  Total 

2048 

1991 

f.  Average  annual  energy  generation  for  the  entire 

period  and  the  generation  for  the  fourth  year  of 

the  drought  (1933)  are  summarized  as  follow: 

Arerage  Annual 

Generation 

l933Energy 

(Million  kwh) 

(Million  kvdt) 

Fort  Peck 

1008.2 

738.5 

Garrison 

2312.8 

2001.9 

Oahe 

2647.1 

2093.8 

Big  Bend 

1001.7 

889.8 

Fort  Randall 

16L4;3 

1449.9 

Gavins  Point 

646.3 

599.5 

System  Total 

9230.4 

7773.4 

d.  Water  quality  requirements  on  the  Missouri  River 
were  met  throughout  the  study  period.  During  all 
years  with  full  8-month  navigation  seasons,  and  in 
all  years  during  the  navigation  season,  releases  for 


g.  The  average  monthly  distribution  of  system  energy 
and  peaking  capability  for  the  entire  record  period 
and  for  the  fourth  year  of  the  drought  (1933)  are 
as  follow: 


Month 

Average  1898-1968 

1933 

Generation 

Generation 

Peaking 

Capability 

(Million  kwh) 

(mw) 

(Million  kwh) 

(niw) 

16-31  March 

35.8 

2178 

329 

2148 

April 

7:J' 

2181 

.581 

2137 

May 

773 

2182 

679 

2140 

June 

742 

2189 

808 

2132 

July 

922 

2187 

673 

2104 

Augu.st 

958 

2185 

782 

2085 

September 

800 

2151 

624 

2055 

October 

803 

2104 

680 

2006 

1-15  November 

367 

2072 

306 

1969 

16-30  November 

390 

2062 

.737 

1940 

December 

778 

2113 

643 

1991 

January 

720 

2139 

579 

2025 

I'ebruary 

596 

2146 

516 

2042 

1-15  March 

300 

2148 

236 

2053 

9230 

7773 
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Salient  features  of  this  study  are  shown  in  ^phical 
form  on  plate;  18.  These  include  a comparison  of  the 
annual  volumes  at  Sioux  City  at  the  approxinate 
1949-level  of  water  resource  development,  uncontrolled 
by  the  ma|n  stem -reservoirs,  and  the  controlled  annual 
volumes  at  this  location.  System  storage  at  the 
1970-level  is  shown  through  the  1898-1968  period 
indicating  an  essentially  Oiled  system  with  the  exceptioii 
of  the  severe  droi^t  period  of  the  I930’s,  when  stor^e 
levels  approached  the  minimum  carry-over  levels,  and 
the  moderate  drought  of  the  late  l9S0’s  and  early 
I960's  when  a signiOcant  decrease  in  storage  levels 
occurred.  System  releases  (Gavins  Point  outflows)  reflect 
the  cycle  between  navigation  and  non-navigation  releases 
and  also  indicate  the  years  when  high  releases  were 
required  to  evacuate  storage  for  flood  control  purposes. 
The  graph  showing  service  provided  the  navigation 
function  illustrates  the  essentially  full  service  which  was 
provided  with  the  exception  of  the  drought  peiiods 
referenced  previously  when  the  service  level  (as  indexed 
to  average  navigation  season  flows  at  Sioux  City)  was 


reduced  and,  in  the  case  of  the  1930  drought,  the  season 
length  reduced  in  flve  of  the  droi^t  years.  The  graph  of 
power  service  illustrates  the  level  provided  througli  the 
record  period,  the  reduction  in  energy  generation  which 
accompanied  the  two  drought  periods,  and  the  s^ifl- 
cant  reduction  in  capability  which  occurred  as  a result  of 
the  1930  drought.  While  masked  at  many  ti'  .es  due  to 
releases  required  -for  other  purposes,  the  energy  load 
curve  assumed  for  these  studies  can  also  be  discerned 
from  the  seasonal  pattern  of  energy  generation.  Criteria 
for  Arm  power  sales  from  the  main  stem  reservoir  system 
are  nominally  based  on  the  peaking  capability  at  the  end 
of  the  fourth  year  of  the  drought  of  the  I930’s 
(December  1933)  and  on  average  annual  energy  genera- 
tion. Capability  in  excess  of  firm  power  sales  would  be 
available  for  disposal  as  peakiitg  power. 

Detailed  results  of  this  study,  month  by  month 
through  the  I898-1%8  record  period,  and  summari/a- 
tions  of  these  and  other  elements  of  the  study  are  on  file 
in  the  Reservoir  Control  Center,  Missouri  River  Division, 
Corps  of  Engineers. 
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CHAPTER  7 

GROUND-WATER  AVAILABILITY 


SIGNIFICANCE  OF  GROUND  WATER 

Compared  to  a mighty  river  serving  as  an  artery  of 
commerce,  or  even  to  a babbling  brook  in  a sylvan 
setting,  ground  water  is  quite  unspectacular.  Filling 
openings  in  the  rocks  beneath  the  land  surface,  it  is 
almost  everywhere  hidden  from  view.  Only  in  the  few 
places  where  it  erupts  in  gey.sers  or  flows  from  springs 
does  it  attract  attention.  Results  of  its  use,  however, 
often  may  be  spectacular.  Great  satisfaction  may  be 
de'r.ved  from  the  siglit  of  lush  crops  irrigated  with  water 
from  wells,  or  from  the  knowledge  that  a community’s 
ground-water  supply  will  be  dependable  even  through 
protracted  periods  of  drought. 

Despite  its  unimposing  nature,  ground  water  has 
played  and  will  continue  to  play  an  important  role  in  the 
economic  development  of  the  Missouri  Basin.  Its  wide- 
spread occurrence  in  quantities  sufficient  for  domestic 
and  livestock  needs  has  enabled  agriculture  to  expand 
into  areas  remote  from  perennial  streams.  Its  great 
abundance  locally  has  permitted  municipal,  industrial, 
and  irrigation  development  in  many  places  where  sup- 
plies of  surface  water  were  inadequate  for  these  pur- 
poses. Except  for  ground  water,  which  provides  a base 
flow,  many  surface  streams  would  flow  only  after 
runoff-producing  precipitation.  Ground  water  is  less 
likely  to  be  contaminatiu  than  is  surface  water,  its 
chemical  quality  and  temperature  are  more  uniform,  and 
it  is  practically  free  of  sediment.  Protected  from  the 
elements,  it  constitutes  a water  supply  equally  reliable 
throughout  all  seasons  of  the  year, 

HYDROLOGIC  PRINCIPLES 
Terminology 

Of  the  water  beneath  the  land  surface,  only  that  in 
permanent  or  virtually  permanent  zones  of  saturation  is 
called  ground  water.  Soil  moisture  and  water  in  other 
ordinarily  nonsaturated  zones  arc  not  included.  In  a few 
localities,  the  top  of  a saturated  zone  may  coincide  with 
the  land  surface;  but  in  most  places,  water-saturated 
rocks  can  be  readied  only  by  digging  or  diillingdown  to 
them. 


Any  saturated  material  through  which  water  moves 
fast  enough  so  that  water  can  be  produced  from  wells  is 
termed  an  aquifer.  Saturated  rocks  through  which  water 
moves  so  slowly  that  they  are  not  capable  of  yielding 
water  to  wells  and  whR  h' retard  the  movement  of  ground 
water  from  one  aquifer  to  another  are  called  aquitards. 
Aquitards  may  contribute  to  the  available  water  supply 
by  very  slow  drainage  into  adjacent  aquifers  from  which 
water  is  being  withdrawn.  Saturated  rocks  through 
which  there  is  practically  no  ground-water  movement  are 
called  aquicludes.  Aquicludes  yield  practically  no  water 
to  wells,  they  yield  practically  none  to  adjacent  aquifers, 
aitd  they  constitute  effective  barriers  against  movement 
of  ground  water  from  one  aquifer  to  another. 

If  not  overlain  by  an  aquiclude,  the  uppermost 
aquifer  at  a given  locality  is  referred  to  as  a water-table 
aquifer,  and  the  water  in  it  is  said  to  occur  under 
water-table  conditions.  In  a well  that  taps  such  an 
aquifer,  the  water  level  coincides  with  the  water  table  at 
the  well  site.  Aquifers  that  are  overlain  and  underlain  by 
aquitards  or  aquicludes  contain-  .rater  that  is  confined 
under  pressure  and  are  referred  to  as  artesian  aquifers.  If 
the  pressure  is  great  enough,  water  will  flow  from  the 
top  of  a well  tapping  an  artesian  aquifer.  When  the  first 
wells  were  drilled  into  the  Dakota  Sandstone  beneath 
the  James  River  valley  in  eastern  South  Dakota,  natural 
pressure  was  sufficient  to  produce  flowing  wells  through- 
out the  area.  With  the  drilling  of  each  new  well  the 
natural  pressure  has  progre.ssively  decrea.sed  and  water 
levels  have  dropped.  Pump  lifts  of  100  feet  or  more  are 
now  required,  in  many  locations,  to  raise  the  water  to 
the  land  surface. 

Some  of  the  Water  contained  by  rocks  is  connate;  it 
has  been  in  the  rocks  since  they  were  first  formed.  Some 
is  the  result  of  downward  transfer  of  moisture  from  the 
land  surface.  Much  of  the  water  now  in  the  rocks  has 
entered  them  since  their  formation;  and  in  most  places, 
the  uppermost  ground  water  is  at  least  partly  water  that 
was  rccenflv  on  the  land  surface.  Transfer  of  water  from 
the  land  surface  to  the  zone  of  saturation  is  referred  to 
as  recharge.  It  is  natural  recharge  if  it  is  due  to  natural 
infiltration  of  precipitation  and  influent  seepage  from 
streams.  It  is  artificial  recharge  if  due.  accidentally  or 
intentionally,  to  the  results  of  man’s  distribution  and  use 
of  water. 
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R«iative  Capacity  of  Aquifm 

Unconsolidated  coarse-grained  sediments  such  as  well 
sortcid  sand  and  sandy  gravel  have  the  greatest  capacity 
for  both  storing  and  transmitting  water;  and,  accord- 
ingly, they  make  the  most  productive  aquifers.  The 
tremendous  storage  and  transmitting  capacity  of  un- 
consolidated deposits  of  sand  and  .sandy  gravel  is 
demonstrated  by  the  several  thousand  irrigation  wells, 
each  commonly  yielding  700  to  1,500  gallons  per 
minute,  in  south-central  Nebraska.  Consolidated  coarse- 
grained sediments  such  as  sandstone  and  conglomerate 
also  may  be  good  aquifers  if  the  intergranular  spaces  are 
only  partly  filled  with  the  cementing  material. 

Unconsolidated  fine-grained  sediments  such  as  silt 
and  clay  and  their  consolidated  equivalents  such  as 
siltstone,  shale,  and  mudstone  may  have  a storage 
capacity  as  great  as  that  of  the  coarse-grained  sediments, 
but  they  transmit  water  much  less  readily.  Accordingly, 
they  ordinarily  are  hot  good  aquifers. 

When  newly  formed,  most  carbonate  rocks  had 
practically  no  capacity  to  store  and  transmit  water. 
Some  have  been  transformed  into  important  aquifers, 
however,  as  a result  of  recrystallization,  development  of 
fracture  systems,  and  solution  activity.  Limestone 
aquifers  generally  have  rather  small  storage  capacities 
but  great  capacities  to  transmit  water.  Big  Spring  near 
Toston,  Mont.,  with  a fairly  constant  flow  of  about 
27,000  gallons  per  minute,  is  believed  to  issue  from  an 
extensive  solution  channel  in  the  Madison  Limestone. 
Success  in  obtaining  a water  supply  from  a limestone 
aquifer  ordinarily  depends  on  whether  the  drill  intersects 
one  or  more  solution  channels  or  open  fractures. 
Dolomite,  also  a carbonate  rock,  may  have  a moderately 
higli  capacity  to  store  water  and  to  yield  it  to  wells. 

Few  metamorphic  or  igneous  rocks  can  store  or 
transmit  large  quantities  of  water.  Most  are  fractured  to 
some  degree,  however,  and  in  some  places  may  yield 
enough  water  for  domestic  needs.  Success  in  obtaining 
water  from  these  rocks  depends  on  the  degree  of 
openness  and  the  number  of  water-filled  fractures  that 
are  penetrated  in  drilling.  Failure  to  obtain  adequate 
supplies  of  water  from  these  rocks  is  fairly  common. 

Ground-Water  Movement  and  Discharge 

All  water  in  the  zone  of  saturation  is  moving  toward 
points  of  discharge  at  the  land  surface.  Direction  of 
movement  is  the  same  as  the  direction  of  decreasing 
head.  The  rate  of  movement  is  very  slow,  generally 
ranging  from  a small  fraction  of  an  inch  per  day  to  no 
more  than  a few  feet  per  day.  Natural  discharge  of 
ground  water  occurs  continuously.  Flowing  springs  and 
gains  in  the  fair-weather  flow  of  streams  are  visual 
evidence  of  natural  ground-water  discharge.  Less  ap- 
parent is  the  extraction  of  ground  water  by  plant  roots 


where  the  water  table  is  near  the  land  surface.  Practically 
all  ground-water  discharge  occurs  in  valley  areas.  Where 
valley  bottoms  are  broad  and  flat  and  the  water  table  is 
within  a few  feet  of  the  land  surface,  discharge  through 
evapotranspiration  may  greatly  exceed  ground-water 
discharge  into  stream  channels. 

Ground-Watsr  Recharge 

Basinwide,  the  principal  source  of  ground-water 
recharge  is  precipitation  that  infiltrates  the  ground  at  or 
near  the  point  vhere  the  precipitation  falls.  In  any 
locality,  intensity  and  amount  of  precipitation,  absorp- 
tive capacit>i  of  the  soil,  vegetation,  and  topographic 
characteristics  are  all  factors  that  influence  the  amount 
of  recharge  from  this  source.  Seepage  from  stream 
channels  is  another  source  of  ground-water  recharge. 
Also,  in  floodplain  areas,  the  quantity  of  recharge 
resulting  from  temporary  flooding  may  greatly  exceed 
that  resulting  from  precipitation  over  the  same  area 
during  several  months  or  even  years. 

Some  ground-water  recharge  is  artificial,  resulting 
from  works  or  actions  of  man,  and  it  may  be  either 
unintentional  or  deliberate.  Seepage  from  canals  and 
reservoirs,  blockage  of  natural  ground-water  outlets  by 
reservoir  impoundments,  leakage  from  water-distribution 
sy.stems,  and  outflow  from  septic  tanks  are  all  examples 
of  unintentional  ground-water  recharge.  Such  recharge 
has  occurred  in  nearly  all  areas  irrigated  with  diverted 
streamflow;  in  fact,  the  water  table  in  some  irrigated 
areas  has  risen  enough  to  c?  waterlogging.  An 
outstanding  example  of  uninteni  uiial  recharge  exists  in 
Gosper  and  Phelps  counties,  Nebraska,  where  seepage 
from  the  water-distribution  system  of  the  Central 
Nebraska  Public  Power  and  Irrigation  District  has  caused 
a water-table  rise  of  more  than  60  feet  under  parts  of  the 
area. 

Deliberate  recharge  of  aquifers  is  practiced  at  only  a 
few  localities  in  the  ‘Missouri  Basin.  Some  areas  adjacent 
to  streams  are  flooded,  by  pumping  from  the  streams 
during  periods  of  high  flow  which  exceeds  the  demands 
of  downstream  users,  in  order  to  add  to  ground-water 
storage  beneath  the  land.  Later,  when  all  streamflow  is 
needed  to  supply  downstream  users,  the  water  added  to 
ground-water  storage  can  be  salvaged  by  pumping  from 
wells.  An  artificial  recharge  project  under  construction 
at  Lincoln,  Nebr.,  will  provide  for  injection  of  water  into 
the  underlying  Dakota  Sandstone,  during  the  cooler 
months  of  the  year,  thereby  creating  a supply  that  can 
be  pumped  during  hot  weather  to  help  meet  peak 
demands.  Water  injected  into  the  sandstone  will  be  from 
the  city’s  main  supply,  which  is  conveyed  by  pipeline 
from  a well  field  on  the  Platte  River  30  miles  to  the 
northeast.  Another  type  of  artificial  recharge  is  under 
consideration  for  the  well  field  itself.  It  will  involve 
diversion  of  Platte  River  flows  into  man-made  recharge 
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ponds  within  and  adjacei:t  to  the  well  field,  thus 
lessening  dependence  on  infiltration  from  the  rhrer  for 
maintenance  of  the  supply. 

Experiments  now  underway  near  Burlington,  Colo., 
involve- killing  v^etation  and  spreading  a 1-inch  layer  of 
gravel  over  the  experimental  area  to  induce  greater  re- 
charge from  preciptation.  The  gravel  mulch  prevents 
rapid  runoff  and  decreases  evaporation  losses.  Prelimi- 
nary results  of  these  experiments  indicate  that  ^ound- 
water  recharge  from  precipitation  can  be  increased 
several-fold  in  this  way. 

A tremendous  quantity  of  water  flows  out  of  the 
Missouri  River  Basin  each  year.  Additional  opportunities 
exist,  accordingly,  for  spreading  floodwaters  or  other 
surplus  waters  to.  induce  greater  ground-water  recharge. 
While  the  cost  of  diverting  streamflow  to  sites  where 
artificial  recharge  is  practicable  has  largely  limited  such 
development  to  date,  some  conjunctive-use  operations 
for  surface  and  ground  waters  already  exist.  One  large 
irrigation  system  of  this  type  has  been  authorized  for 
development  to  overcome  current  ground-water  deple- 
tions and  to  stabilize  the  ground-water  level  for  con- 
tinued use  for  all  purposes. 

Oischarge-Racharge  Balance 

Under  natural  conditions,  with  no  pumping  from 
wells  and  no  artificial  recharge,  the  average  annual 
recharge  balances  the  average  annual  discharge  of  ground 
water.  Short-term  rates  of  discharge  and  recharge, 
however,  are  rarely  the  same,  since  discharge  is  con- 
tinuous whereas  recharge  is  intermittent.  This  imbalance 
is  reflected  in  short-term  fluctuations  in  the  water  table 
and  in  the  quantity  of  ground  water  in  storage.  The 
annual  range  of  natural  water-table  fluctuation  may  be 
only  a few  inches  in  broad  intervalley  areas  where  the 
depth  to  water  ordinarily  is  substantial,  but  it  may  be 
several  feet  in  valley  areas  where  the  water  table  is  nearer 
to  the  land  surface  and  where  rates  of  both  natural 
discharge  and  natural  recharge  ordinarily  are  greatest. 

Pumping  from  wells  affects  the  natural  long-term 
balance  between  discharge  and  recharge  of  ground  water. 
When  the  quantity  of  water  pumped  is  small,  the  effect 
is  virtually  negligible  unless  the  quantity  of  ground  water 
in  storage  also  is  small.  When  annual  pump.age  is  large, 
however,  lowering  of  the  water  table  is  the  inevitable 
result.  The  tounnensurate  decrease  in  the  volume  of 
ground  water  in  storage  is  progressive  unless  a new' 
balance  between  discharge  and  recharge  can  be  estab- 
lished  through  decreasing  the  rale  of  natural  discharge, 
increasing  the  rate  of  recharge,  or  both.  Where  a good 
hydraulic  connection  exists  between  a stream  with  a 
perennial  strong  flow  and  an  aquifer  wiili  the  capacity  to 
transmit  water  rapidly,  for  example,  pumping  from  wells 
close  to  the  stream  may  induce  a compensatory  increase 
in  the  rate  of  .seepage  from  the  stream  such  that  even 


large-scale  pumping  will  not  create  a .significant  im- 
balance between  discharge  and  recharge. 

In  many  areas,  however,  the  withdrawal  rate  from 
wells  is  so  great  that  establishment  of  a new  balance 
between  discharge  and  recharge  is  not  possible.  This 
situation  is  already  developing  in  some  of  the  High  Plains 
area  where  withdrawals  for  irrigation  greatly  exceed  the 
combined  effects  of  increased  recharge  and  decreased 
natural  discharge.  Curtailment  of  withdrawals  is  the  only 
feasible  solution,  and  this  is  the  natural  economic  result 
as  the  cost  of  withdrawals  increases  with  depletion  of 
the  ground-water  supply. 

GENERAL  AVAILABILITY  OF 
GROUNDWATER 

Data  Available 

Springs  and  seeps,  streams  that  continue  to  flow  in 
dry  weather,  waterlogged  soils,  and  stands  of  lush 
vegetation  in  a generally  arid  area  are  clues  to  the 
presence  of  ground  water  at  shallow  depth.  They  afford 
little  or  no  indication,  however,  of  the  areal  extent  and 
thickness  of  the  saturated  rocks  or  of  their  capacity  to 
transmit  water  to  wells.  Furthermore,  an  area  may  be 
underlain  by  thick  water-bearing  rocks  witli  a surficial 
evidence  thereof. 

In  some  parts  of  the  Missouri  River  Basin  enougli 
testholes  and  wells  have  been  drilled  so  that  subsurface 
conditions  to  depths  of  a few  hundred  feet  are  known  in 
considerable  detail.  Information  concerning  the  occur- 
rence of  ground  water  in  the  shallower  rocks  throughout 
the  Kansas  portion  of  the  basin,  most  of  the  Missouri 
and  Colorado  portions,  much  of  tlie  Nebraska  portion, 
and  the  southeastern  Wyoming  portion  is  pre-se-iied  in 
published  reports.  For  the  rest  of  the  basin,  detailed 
information  concerning  sources  of  supply  shallower  than 
500  feet  is  available  only  for  scattered  areas  or  point 
locations.  Considerable  information  on  artesian  aquifers 
at  somewhat  greater  depths  also  has  been  published, 
principally  for  South  Dakota  but  also  for  many  localities 
in  Montana,  North  Dakota,  and  Wyoming.  The  published 
reports  vary  in  the  amount  of  detail  they  contain.  Some 
are  of  a reconnaissance  nature,  merely  describing  the 
geology  and  occurrence  of  ground  water  as  deduced 
from  observations  of  rock  outcrops  and  an  inventory  of 
wells.  Others  contain  extensive  detailed  information. 
Those  describing  ground-water  resource‘s  most  com- 
pletely contain  estimates  of  grois  ul-water  volumes  based 
on  systematic  test  drilling,  evaluation  of  hydraulic 
properties  based  on  aquifer  tests  and  other  data,  records 
of  pumpage  and  of  water-level  nuclualioiis  during 
periods  of  several  years,  and  estimates  of  aquifer 
response  to  projected  water-supply  developments.  Few 
of  the  reports  contain  factual  information  concerning 


the  water-supply  potential  of  aquifers  not  already 
tapped  by  wells. 

In  nearly  al!  of  tte  basin  states,  most  of  the  available 
data  concerning  ground  water  has  been  collected  durir4 
studies  financed  jointly  by  the  U.  S.  Geological  Survey 
and  cooperating  state  agencies.  Exceptions  are  Missouri, 
where  most  of  the  studies  were  made  by  the  Missouri 
Division  of  Geology  and  Water  Resources,  and  South 
Dakota,  where  miany  were  made  by  the  South  Dakota 
Geological  Survey  prior  to  initiation  of  a Federal-State 
cooperative  program  in  1959.  Many  areal  studies  have 
been  made  by  the  U.  S.  Geological  Survey  in  Colorado, 
Wyoming.  Montana,  the  Dakotas,  Nebraska,  and  Kansas 
as  part  of  the  Department  of  the  Interior’s  program  for 
development  of  the  Missouri  River  Basin. 

Estimates  of  grf  .und-water  availability  presented  later 
have  been  based,  to  the  extent  practicable,  on  the 
specific  ground-water  data  that  exist.  In  unstudied  areas, 
they  have  been  based  on  the  best  geologic  and  hydrol- 
ogic data  available.  In  some  areas,  the  experienced 
geohydrologist  may  infer  the  ground-water  potential 
with  reasonable  accuracy  by  integrating  observed  sur- 
ficial  evidence  of  saturated  rocks  with  a knowledge  of 
the  lithic  characteristics  and  structure  of  rock  strata  and 
an  understanding  of  subsurface  hydrology.  In  other 
areas,  however,  surficial  evidence  of  saturated  rock  is 
lacking  and  data  on  subsurface  conditions  are  so  meager 
that  the  best  current  evaluations  of  ground-water  re- 
sources must  be  regarded  as  highly  tentative. 

Ground  Water  Available  to  Wells 

The  quantity  of  water  available  to  wells  varies  widely, 
in  accordance  with  the  hydraulic  character  of  the 
underlying  rocks.  The  estimated  quantities  available  to 
wells  throughout  the  Missouri  Basin  and  the  depth  to 
water  level  for  areas  where  water-depth  data  are  available 
are  shown  by  the  map  on  plate  19. 

This  map  shows  areas  where  properly  located  and 
properly  constructed  wells  generally  are  capable  of 
yielding  water  at  rales  within  certain  specified  limits. 
The  water  would  be  of  a chemical  quality  satisfactory 
for  most  ordinary  uses,  since  local  areas  in  which  large 
yields  of  salty  or  otherwise  highly  mineralized  ground 
water  may  be  available  have  been  excluded  from  the 
map  designations.  The  map  does  not  indicate  the  total 
quantity  of  water  that  may  be  obtained  at  any  specific 
locality  or  from  any  specific  aquifer.  Such  deter- 
minations generally  can  be  made  only  on  the  basis  of 
special  investigations. 

The  map  indicates  depths  to  water  level  only  in  areas 
where  water-level  data  are  available  and  the  estimated 
yield  per  well  exceeds  50  gallons  per  minute.  In  artesian 
areas,  with  favorable  topographic  conditions,  wells  may 
flow. 


Ground  Water  in  Storage 

Approximate  quantities  of  ground  water  in  storage  in 
selected  areas  of  the  Missouri  Basin  have  been  estimated 
from  values  of  aquifer  thickness,  areal  extent,  and 
average  storage  coefficient,  the  latter  being  the  volume 
of  water  that-ar.-'*quifer  releases  or  takes  into  storage  per 
unit  of  surface  area  per  unit  of  change  in  head.  These 
estimated  quantities  are  shown  by  the  map  on  plate  20. 

The  quantities  of  water  in  storage  in  these  areas  are 
not  necessarily  proportional  to  the  quantities  of  water 
that  can  be  withdrawn.  In  some  situations,  as  pointed 
out  previously,  withdrawals  from  an  aquifer  may  cause  a 
reduction  in  natural  discharge  or  an  increase  in  recharge, 
or  both,  and  eventually  a far  greater  quantity  of  water 
can  be  withdrawn  than  the  amount  that  can  be  stored  in 
an  aquifer  at  one  time.  In  other  situations,  the  total 
quantity  that  can  be  withdrawn  may  be  substantially  less 
than  the  quantity  in  storage  because  the  rate  of  yield  to 
wells  will  progressively  decline  to  the  point  that  further 
withdrawals  will  become  economically  impracticable 
before  storage  is  exhausted. 

ANALYSIS  OF  PRESENTLY  USED 
AQUIFERS 

Generally,  an  aquifer  may  be  regarded  as  important 
or  potentially  important  if  it  contains  water  of  good 
quality,  if  it  yields  water  freely  to  wells  or  is  capable  of 
doing  so,  and  if  it  currently  has  a significant  quantity  of 
water  in  storage.  In  some  cases,  however,  aquifers 
without  all  these  characteristics  may  be  important  for 
other  reasons.  An  aquifer  with  only  a meager  quantity  of 
water  of  marginal  quality,  for  example,  may  be  of  ^'eat 
importance  in. an  area  where  no  better  source  of  supply 
exists.  Conversely,  an  aquifer  with  all  these  character- 
istics may  be  unimportant  if  its  depth  below  the  land 
surface  is  so  great  that  the  cost  of  water  withdrawal 
makes  such  withdrawal  economically  impracticable. 

The  following  descriptions  of  the  more  important 
water-bearing  stratified  rocks  begin  with  the  geologically 
youngest  and  conclude  with  the  geologically  oldest.  This 
order  is  the  same  as  that  in  which  rocks  ordinarily  are 
penetrated  during  drilling  at  ary  specific  site.  A brief 
statement  concerning  the  water-yield  potential  of  ex- 
truded igneous  rocks  is  included.  Estimates  of  the 
quantity  of  water  in  storage  are  presented  for  many 
aquifers  capable  of  yielding  w"ter  to  wells  at  rates  of 
300  gallons  per  minute  or  more. 

Rocks  of  Quatenary  Age 

Unconsolidated  deposits  of  Quaternary  age  provide 
more  than  half  of  th?  water  withdrawn  from  wells  in  the 
Missouri  River  Basin.  These  deposits  are  tapped  by  wells 
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in  each  of  Uw  banh  states,  but  their  cunent  importance 
and  their  potential  for  furtherdevekipinent  vary  from 
state  to  state  and  from  place  to  place  within  individual 
states.  Probably  not  more  than  25  per  cent  of  the  total 
volume  of  Quaternary  deposits  b capable  of  yielding 
water  freely  to  wells.  Ctdorado,  Kansas,  and  Nebraska 
are  well  endowed  with  deposits  with  a h%h  yield 
capability,  and  great  quantities  of  water  have  been 
withdrawn  from  them  annually  for  many  years. 

Quaternary  deposits  include  the  alluvium  beneath 
present-day  stream  valleys,  the  alluvium  filling  ancient 
stream  valleys,  wind-deposited  silt  and  sand,  ai^  a 
variety  of  sediments  derived  from  rock  debris  left  behind 
by  melting  glaciers.  In  the  following  descriptions,  de- 
posits in  the  glaciated  part  of  the  basin  are  covered  first, 
followed  by  those  in  the  nongiaciated  part  of  the  bann. 

Thi'oi^out  nearly  all  of  the  glaciated  area,  the 
Quaternary  deposits  consist  mostly  of  glacial  till,  an 
unsorted  mixture  of  clayey  rock  flour  and  larger  rock 
fragments  ranging  in  size  from  silt  and  fine  sand  to 
cobbles  and  boulders.  Saturated  till  usually  will  yield 
some  water  to  wells,  but  the  rate  of  yield  generally  is 
small  and  the  water  may  be  highly  mineralized.  Scat- 
tered within  the  till  are  thin  and  areally  small  bodies  of 
stratified  sand  and  sandy  gravel  capable  of  yielding 
enough  water  for  rural  domestic  and  livestock  needs. 
Many  farm  wells  derive  water  from  this  source.  Because 
of  their  generally  small  volume,  such  aquifers  usually  are 
not  capable  of  sustaining  high  yields,  and  many  wells 
tapping  them  are  likely  to  become  dry  during  extended 
drouglit  periods. 

Thicker  end  more  extensive  bodies  of  stratified  sand 
and  sandy  gravel  also  occur  within  the  glaciated  area. 
These  are  of  three  types.  The  first  consists  of  permeable 
sediments  that  filled  or  partly  filled  preglacial  stream 
valleys.  The  second  consists  of  similar  deposits  that  filled 
or  partly  filled  melt-water  channels  and  other  depres- 
sions in  the  land  surface  that  existed  between  glaci- 
ations. The  third  consists  of  similar  deposits  in 
melt-water  channels  and  other  depressions  formed 
during  the  waning  phase  of  the  last  glaciation.  The  first 
two  types  usually  are  buried  beneath  layers  of  glacial  till; 
the  third  type  usually  is  the  uppermost  Quaternary 
deposit. 

The  buried  valleys  of  the  ancestral  Missouri  River  and 
some  of  its  ancestral  tributaries  in  northern  Montana 
constitute  an  unportant  aquifer  of  the  first  type. 
Estimated  storage  here  is  about  1,700,000  acre-feet.  The 
buried  valleys  of  the  ancestral  Yellowstone  River  and 
.some  of  its  ancestral  tributaries  in  southeastern  Montana 
and  northwestern  North  Dakota,  generally  underlying 
the  modern  Yellowstone  River,  constitute  another  im- 
portant aquifer  of  this  type,  with  an  estimated 
1,200,000  acre-feet  of  water  in  storage.  Nearby,  in 
northwestern  North  Dakota,  the  buried  valley  of  the 
ancestral  Little  Missouri  River  constitutes  another  im- 


portant aquifer  of  this  type.  Water  borage  is  estimated 
at  about  800,000  acre-feel.  Test  drilling  indicates  that 
the  prrgiacial  valley  was  as  much  as  400  feet  below  the 
present  land  surface. 

Ri^i$ai^  trfl>utaries  of  the  Missouri  River  in  South 
Dakota  formerly  flowed  in  valleys  that  continued 
eastward  beyond  the  present  Missouri  River  into  what  is 
now  the  glaciated  area.  In  at  least  two  places,  the 
sediments  filling,  these  ancient  valleys  constitute  impor- 
tant. aquifers.  One  of  these,  in  north-central  South 
Dakota  east  of  the  present  mouth  of  the  Grand  River, 
has  an  estimated  3,100.000  acre-feet  of  water  in  storage. 
The  other,  in  southeastern  South  Dakota  near  present 
Lake  Andes,  has  an  estimated  3,000,000  acre-feet  of 
water  in  storage. 

Other  aquifers  of  significance  in  filled  pre-glacial 
valleys  exist  in  the  glaciated  portions  of  Nebraska, 
Kansas,  and  Missouri.  In  Nebraska  and  Kansas,  moder- 
ately large  supplies  of  water  are  obtained  from  wells 
tapping  these  aquifers.  In  Missouri,  these  aquifers  are  the 
principal  source  of  fresh-water  supplies  in  the  glaciated 
area. 

Aquifers  in  stratified  sand  and  sandy  gravel  deposits 
of  the  second  type,  in  filled  or  partly  filled  drainage 
ways  developed  by  melt  water  from  one  or  mbre  of  the 
earlier  glaciers,  exist  in  south-central  North  Dakota  and 
in  eastern  South  Dakota.  The  most  significant  of  these, 
in  Hand,  Spink,  Beadle,  and  Sanborn  Counties,  South 
Dakota,  is  estimated  to  contain  20  million  acre-feet  of 
water. 

The  Big  Sioux  River  valley  in  South  Dakota  is  an 
example  of  stratified  sand  and  sandy  gravel  deposits  of 
the  third  type,  in  filled  or  partly  filled  drainage  ways  cut 
by  melt  water  from  the  last  ice  sheet.  Here  the  valley 
was  cut  to  depth  somewhat  below  the  present  floodplain 
and  then  was  partly  filled  with  glacier-derived  sediments. 
These  sediments  are  estimated  to  be  able  to  store  an 
estimated  7,900,000  acre-feet  of  water. 

For  most  of  its  length  below  Great  Falls,  Mont.,  the 
present-day  Missouri  River  is  either  within  or  close  to 
the  glaciated  part  of  the  basin.  Only  in  some  reaches  is 
its  valley  underlain  by  deposits  of  sand  and  gravel  thick 
enough  to  be  important  as  aquifers.  Those  in  eastern 
Montana  and  western  North  Dakota,  underlain  by  the 
filled  valleys  of  the  ancestral  Missouri  and  Yellow.stonc 
rivers,  have  already  been  described.  Other  reaches 
underlain  by  alluvial  aquifers  of  significance  are  between 
Garrison  Dam  and  the  upper  end  of  Oahe  Reservoir  and 
between  the  mouth  of  the  Niobrara  River  and  the  mouth 
of  the  Missouri  River.  Aquifers  in  the  former  reach  .store 
an  estimated  200,000  acre-feet  of  water.  Those  in  the 
latter  reach  store  an  estimated  1 1 million  acre-feet  of 
water  above  Kansas  City  and  another  6 million  acre-feet 
below  Kansas  City. 

The  valley  of  the  Big  Blue  River  from  northern 
Seward  County  in  Nebraska  to  the  junction  of  the  Blue 
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River  and  the  Kansas  River  at  Manhattan,  Kans.,  and  the 
Kansas  River  valley  from  that  point  to  the  river’s  mouth 
are  also  just  within  or  close  to  the  glaciated  part  of  the 
M ssouri  basin.  In  Nebraska,  moderately  large  yields  a» 
ot'ained  from  wells  in  areas  where  the  alluvial  depqats 
of  the  Big  Blue  River  valley  are  underlain  by  similar 
deposits  filling  an  underlying  earlier  valley;  but  where 
only  the  alluvium  of  the  Big  Blue  River  valley  b present, 
well  yields  are  much  smaller.  In  Kansas,  the  alluvium  of 
the  Big  Blue  River  valley  b thicker  and  generally  capable 
of  yielding  300  gallons  per  minute  to  wellsi  Even  greater 
yields  from  wells,  as  much  as  1 400  gallons  per  ihinute, 
are  common  in  the  Kansas  River  valley.  Ground  water  in 
the  alluvium  of  the  valleys  bordering  the  glaciated  area 
in  Kansas  is  estimated  at  1 400,000  acre-feet. 

Where  the  valleys  of  the  Elkhorn  and  Platte  rivers  are 
within  the  glaciated  part  of  eastern  Nebraska,  the 
deposits  of  und  and  gravel  underlying  them  promise  to 
become  increasingly  important  as  sources  of  water 
supply.  Average  daily  pumpage  in  1966  from  the 
Lincoln  city  well  field  near  Ashland,  Nebr.  in  the  Platte 
River  valley  was  27  million  gallons.  Another  large  supply 
has  been  developed  recently  by  the  Omaha  Municipal 
Utilities  District  in  the  Platte  River  valley  about  20  miles 
downstream  from  the  Lincoln  city  well  Held. 

Quaternary  deposits  outside  the  glaciated  portion  of 
the  Missouri  Basin  are  especially  important  sources  of 
ground-water  supply  now  and  will  become  even  more 
important  in  the  future.  Deposits  along  the  edge  of  the 
glaciated  area  probably  consist  partly  of  glacier-derived 
sediments  and  partly  of  sediments  derived  from  non- 
glaciated  areas;  those  elsewhere  consist  entirely  of 
sediments  derived  from  the  nonglaciated  areas.  Wind- 
deposited  sand  of  Quaternary  age,  especially  in 
Nebraska,  is  important  to  the  water-supply  picture  in 
that  the  sand  absorbs  water  readily  and  transmits  it  to 
underlying  coarser-textured  deposits. 

Several  intermo  i me  basins  that  contain  substantial 
thicknesses  of  water-bearing  Quaternary  deposits  exist  in 
southwestern  Montana.  In  the  Gallatin  River  valley  - 
Three  Forks  area,  in  the  vicinity  of  Bozeman,  alluvial 
deposits  and  underlying  older  rocks  are  estimated  to 
contain  1,200,000  acre-feet  of  water.  An  estimated 
600,000  acre-feet  of  water  is  stored  beneath  the  Town- 
send valley  with  another  200,000  acre-feet  beneath  the 
Helena  valley.  The  aggregate  quantity  of  water  beneath 
other  intermontanc  valleys  in  southwestern  Montana 
approaches  5 million  acre-feet.  The  thicker  alluvium  in 
all  of  these  valleys  is  capable  of  yielding  1,000  gallons 
per  minute,  or  more,  to  wells  that  arc  properly  designed 
and  constructed.  Streaniflow  into  the  valleys  and  runoff 
from  the  relatively  impermeable  rocks  forming  the 
surrounding  slopes  combine  to  afford  generally  ample 
sources  of  replenishment. 

In  that  part  of  Wyoming  within  the  Missouri  Basin, 
the  only  intermontane  basin  known  to  contain  areally 


extensive  Quaternuy  alluvial  deposits  b the  Laramie 
basin  in  Albany  County.  The  maximum  thickness  of  the 
deposits  b about  4S  feet  and  the  rocks  immediately 
un^r  the  alluvium  are  nearly  impermeable^  so  large 
supplies  of  water  cannot  be  developed  from  conven- 
tuMial  wells.  However,  radial  collectors  or  infiltration 
galleries  located  where  seepage  from  either  the  Laramie 
or  Little  Laramie  rivers  could  be  induced  would  prob- 
ably provide  a fably  large  supply. 

Long  stretches  of  several  stream  valleys  in  that  large 
part  of  the  Missouri  Basin  between  the  mountains  and 
the  glaciated  part  of  the  basin  contain  alluvial  deposits 
generally  capable  of  yielding  moderately  large  to  large 
quantities  of  water  to  wells,  300  gallons  per  minute  or 
more.  These  deposits  underlie  hot  only  the  floodplains 
but  also  terrace  remnants  bordering  the  floodplains.  The 
more  important  stream-valley  alluvial  deposits  in  the 
area  between  the  mountains  and  the  glaciated  portion  of 
the  basin  are  listed  in  table  20.  It  should  be  noted  that 
the  valleys  of  the  Platte  River,  the  Loup  River,  and  other 
streams  in  east-central  Nebraska  are  not  included  in  this 
table.  The  alluvium  beneath  these  valleys  is  not  restric- 
ted to  the  valleys  themselves  but  is  a continuation  of  and 
virtually  indistinguishable  from  an  extensive  sheetlike 
complex  of  unconsolidated  fluvial  deposits  extending 
beneath  the  adjacent  uplands.  Descriptions  of  these 
stream  valleys  are  included  with  a subsequent  descrip- 
tion of  the  sheetlike  deposit. 

The  Quaternary  deposits  underlying  the  valleys  of  the 
South  Platte  River  and  its  tributaiies  are  the  most  highly 
developed  of  the  aquifers  listed  in  table  20.  A large 
percentage  of  the  water  pumped  from  wells  is  used  for 
irrigation,  and  most  of  the  rest  is  used  to  meet  municipal 
needs.  In  the  valley  of  the  South  Platte  River  itself,  a 
high  rate  of  recharge  due  to  application  of  surface  w'ater 
for  irrigation  so  nearly  balances  current  withdrawals  plus 
natural  discharge  that  the  quantity  of  water  in  storage 
remains  nearly  constant.  In  some  of  the  tributary 
valleys,  however,  withdrawals  have  caused  significant 
reductions  in  storage.  About  three-fifths  of  the  wells  in 
the  South  Platte  River  valley  yield  between  300  and 
1,000  gallons  per  minute.  Most  of  the  remainder  yield 
more,  but  only  a few  yield  in  excess  of  2,000  gallons  per 
minute. 

The  most  important  Quaternary  deposits  of  sand  and 
gravel  in  the  Missouri  Basin  underlie  an  area  of  22,500 
square  miles  in  eastern  Nebraska  and  noithern  Kansas. 
Their  existence  is  due  to  creation  of  a sediment  trap 
when  glaciers  blocked  eastward-flowing  streams,  ponding 
their  flow  until  it  spilled  over  interstreain  divides.  The 
sand  and  gravel  deposits,  together  with  interlayered  and 
overlying  fine-grained  sediments,  accumulated  to  a thick- 
ness exceeding  400  feet  in  places,  enough  so  that  not 
only  the  preglacial  valleys  but  also  many  of  the 
preglacial  divides  were  buried. 
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Table  20  - GROUND  WATER  STORAGE  IN  STREAM  VACLEY  ALLUVIAL  DEPOSITS 
NON^LACIATED  AND  NON-MOUNTAINOUS  PORTION 
OF  THE  MISSOURI  BASIN 


V«»cy 


Sun  River 
Mistouri  River 
MuMdshell  River 

Yellowrtone  River 

Clark  Fork 
Rock  Creek 
Bighorn  River 
Toi^e  River 
Powder  River 

Wind  and  Popo  AgL  Riven 
Sweetwater  River 
Belle  Fourche  River 
North  Platte  River 
Pumpkin  Creek 
South  Platte  River  A 

Tributaries,  NE  Colorado 
Lodjepole  Creek 
Republican  River 

South  Fork  of  Republican  River 
Frenchman  Creek 
Prairie  Dog  Creek 
Smoky  Hill  River 
Saline  River 

South  Fork  Solomon  River 

North  Fork  Solomon  River 

Solomon  River 
Kansas  River 


Location 


□ 


Northwestern  Cascade  County,  Montana 
Central  Cascade  County,  Montana 

Western  Mumelshefl  Cevnty.  Montana,  to  junction  with  the  Missouri 

River  

Central  Puk  County,  Montana,  to  border  of  glaciated  area  at 
Intake,  Montana 

Northern  ta'k  County,  Wyoming,  to  junction  with  Yellowstone  River 
Central  Carbon  County,  Montana,  to  junction  with  Dark  Fork 
Central  Big  Horn  County,  Montana,  to  junction  with  Yellowstone  River 
Southern  Rosebud  County,  Montana,  to  junction  with  Yellowstone  River 
Central  Powder  River  County,  Montana,  to  junction  with  Yellowstone  River 
Central  Fremont  County.  Wyoming 

Southeastern  Fremont  and  southwestern  Natrona  Counties,  Wyoming 

Southwestern  Crook  County,  Wyoming  

Eastern  Platte  County,  Wyoming,  to  central  Lincoln  County,  Nebraska 
Banner  and  Morrill  Counties,  Nebraska 

Northwestern  Dou^as  County,  Colorado,  to  central  Lincoln  County, 
Nebraska 

Eastern  Laramie  County,  Wyoming,  to  Sedgwick  County,  Colorado 
Southwestern  Dundy  County,  Nebraska,  to  junction  with  Smoky 
Hill  River 

Southwestern  Cheyenne  County,  Kansas,  to  junction  with  Republican  River 
Southeastern  Chase  County,  Nebraska,  to  junction  with  Republican  River 
Central  Norton  County,  Kansas,  to  junction  with  Republican  River 
Western  Wallace  County.  Kansas,  to  junction  with  Republican  River  *“ 
Northeastern  Trego  County,  Kansas,  to  junction  with  Smoky  Hill  River  __ 
Western  Graham  County,  Kansas,  to  junction  with  North  Fork 
Solomon  River 

Southwestern  Norton  County.  Kansas,  to  junction  with  South  Fork 
Solomon  River 

Western  Mitchell  County,  Kansas,  to  junction  with  Smoky  Hill  River  

Northern  Geary  County,  Kansas,  to  mouth  of  Blue  River 


EtlhMled 
Water  m 
StoriBe 
(Acie-Fcet) 

50,000 

100,000 


1.400.000 


600,000 

200,000 

50.000 

10,000,000 


28,000,000 


3,000,000 


1,300.000 


800,000 


150,000 


The  valley  of  the  Platte  River  and  the  valley  of  the 
Loup  River,  its  tributary,  are  broad  and  shallow  incisions 
into  this  extensive  deposit.  Each  river  is  hydraulically 
continuous  with  the  zone  of  saturation  in  the  deposits 
beneath  the  valley  floor  and  that  zone  is  continuous 
with  the  zone  of  saturation  beneath  the  adjacent  upland 
plains.  The  dry-weather  flow  of  several  smaller  streams  is 
maintained  by  seepage  from  the  zone  of  saturation. 

Because  these  Quaternary  deposits  mantle  an  ancient 
land  surface  of  moderate  relief,  their  thickness  and  the 
thickness  of  the  zone  of  saturation  are  not  uniform.  The 
thickness  of  moderately  to  highly  permeable  sediments 
within  the  zone  of  saturation  also  differs.  Consequently, 
yields  obtainable  from  wells  vary.  Yields  greater  than 
1,000  gallons  per  minute  are  the  general  rule;  and  in 
some  places,  yields  greater  than  2,000  gallons  per  minute 
are  common.  In  a few  places,  however,  yields  are  less 
than  1 ,000  gallons  per  minute.  Water  in  storage  in  this 
huge  reservoir  is  estimated  to  be  between  230  million 
and  250  million  acre-feet.  In  1964,  when  precipitation 
over  this  area  was  about  normal,  total  pumpage  was 
about  1,800,000  acre-feet.  This  amounts  to  less  than 
i per  cent  of  the  total  storage. 


In  the  Platte  River  valley,  the  water  table  is  within  a 
few  feet  of  the  'land  surface  and  the  soils  generally  are 
moderately  to  highly  permeable.  Prior  to  development! 
of  irrigation,  precipitation  was  the  principal  source  of 
recharge  and  evapotranspiration  accounted  for  most  of 
the  discharge.  Depending  upon  its  stage,  the  river  either 
drained  water  from  or  added  water  to  the  zone  of 
saturation.  Now  that  pumping  withdrawals  lower  the 
water  table,  less  ground  water  is  discharged  by  evapo- 
transpiration, recharge  by  infiltrating  precipitation  is 
augmented-  by  infiltrating  irrigation  water,  and  storage 
space  is  created  for  additional  seepage  from  the  river. 
The  net  depletion  by  pumping,  accordingly,  is  not  as 
great  as  the  total  quantity  of  water  withdrawn.  For 
example,  the  Conservation  and  Survey  Division  of  the 
University  of  Nebraska  has  estimated  that  pumpage  in 
Hall  County.  Nebraska,  largely  in  the  Platte  River  valley, 
amounted  to  1,400,000  acre-feet  through  1967  whereas 
storage  had  been  depleted  by  only  200,000  acre-feet. 

In  the  upland  part  of  the  area  underlain  by  these 
deposits,  the  water  table  generally  is  more  than  70  feet 
below  the  land  surface  and  the  soils  arc  finer  te.xtured 
and  less  permeable  than  in  the  valley.  Before  irrigation. 
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precipitation  was  the  only  source  of  recha^,  and  the 
average  rate  was  less  than  in  the  valky.  Natural  discharge 
occurred  only  as  the  result  of  evapotranspiration  and 
seepage  into  stream  channels.  PUmp  irription  in  th» 
situation  could  not  effect  any  s^ificant  increase  in 
recharge  nor  salvage  of  natural  discharge.  Accordingly,  it 
has  rented  in  depletion  of  storage  roughly  commen- 
surate with  the  total  amount  of  pumpage.  Water-level 
declines  greater  than  10  feet  have  been  experienced  in  an 
area  of  over  600  square  miles.  As  depletion  progresses, 
the  amount  of  decline  in  the  water  table  and  the  areal 
extent  of  the  decline  will  both  inaease.  Although  the 
water4evel  decline  has  required  deepening  of  several 
shallow  wells  and  lowering  of  pumps  in  some  others,  the 
quantity  of  water  in  storage  has  been  only  modestly 
reduced  since  pumping  bepn. 

Rocks  of  Tertiary  Age 

The  OpUala  Formation  of  Tertiary  age  is  the  second 
most  important  source  of  ground  water  in  the  Missouri 
River  Basin.  Several  of  the  older  Tertiary  formations  also 
are  sources  of  ground  water,  but  none  rival  the  Opilala 
Formation. 

An  areally  extensive  unit,  the  Ogallala  Formation 
underlies  much  of  central  and  'vestern  Nebraska^  much 
of  western  Kansas,  a large  area  in  northeastern  Colorado, 
and  comparatively  small  areas  in  southwestern  Wyoming 
and  south-central  South  Dakota.  Like  the  sheetlike 
Quaternary  deposits  in  Nebraska  and  Kansas,  it  consists 
in  large  part  of  fluvial  deposits  derived  from  the  western 
mountains.  Although  mostly  .sand  and  gravel,  these 
deposits  tend  to  be  somewhat  more  compact  than  those 
of  Quaternary  age,  and  some  beds  are  moderately-to-well 
cemented. 

An  estimated  600.000  acre-feet  of  water  is  withdrawn 
annually  from  the  Ogallala  Formation  in  eastern 
Colorado,  western  Nebraska,  and  western  Kansas.  Well 
yields  ranging  from  300  to  1 ,000  gallons  per  minute  arc 
the  general  rule,  but  some  of  the  more  favorably  situated 
wells  yield  as  much  as  1,500  gallons  per  minute  and  a 
few  yield  more  than  2,000  gallons  per  minute.  In  those 
areas  where  withdrawals  are  concentrated,  water  levels 
have  begun  to  decline.  Although  the  decline  is  not  at  an 
alarming  rate,  it  does  indicate  that  the  supply  is  subject 
to  eventual  depletion.  Quantities  of  water  stored  in  the 
Ogallala  Formation  are  conservatively  estimated  at 
80  million  acre-feet  in  Colorado,  70  million  acre-feet  in 
Kansas,  500  million  acre-feet  in  Nebraska,  and  30  mil- 
lion acre-feet  in  Wyoming. 

The  Browns  Park  (lower)  and  North  Park  (upper) 
formations,  of  about  the  same  age  as  the  Ogallala 
Formation,  are  important  aquifers  in  parts  of  Carbon 
County,  Wyoming.  Tapped  mainly  by  domestic  and 
stock  wells,  these  formations  are  capable  of  moderate  to 
large  yields  in  some  places,  as  demonstrated  by  a few 


irription  wells  deriving  water  irom  them. 

A rode  sequence  consisting  of  the  Arikaree  (lower) 
and  Hemingford  (u^ter)  poups  of  Tertiary  ^e  consti- 
tutes an  important  aquifer  in  parts  of  western  Nebraska 
and  southeastern  Wyoming.  A few  of  the  wells  tapping 
these  rocks  yield  as  much  as  1 ,000  gallons  per  minute, 
but  most  yield  considerably  less.  For  a large  yield  to  be 
obtained,  the  thickness  of  water-bearing  material  tapped 
must  be  200  feet  or  more. 

Sediments  comparable  in  age  to  the  Arikaree- 
Hemingford-Opllala  sequence  constitute  part  of  the  fill 
in  intennontaite  basins  of  southwestern  Montana.  They 
exist  also  as  remnants  of  a formerly  extensive  sheetiike 
deposit,  the  Flaxville  Gravel,  in  northeastern  Montana. 
Wtere  these  deposits  are  both  moderately  permeable  and 
saturated,  they  are  important  local  sources  of  water 
supply.  Deposits  in  the  intermontane  basins  have  the 
greater  potential  because  they  are  likely  to  be  fully 
saturated  and  are  so  situated  that  they  are  readily 
recharged.  Although  the  Flaxville  Gravel  remnants  tend 
to  be  well  drained,  some  of  the  larger  ones  store 
considerable  water,  with  yields  of  as  much  as  1 ,200 
pllons  per  minute  to  wells. 

Older  rocks  of  Tertiary  age  generally  yield  no  water 
or  only  enough  for  domestic  and  livestock  use.  More- 
over, much  of  the  water  is  highly  mineralized  and 
therefore  limited  in  its  usefulness.  The  White  River 
Group,,  which  underlies  most  of  western  Nebraska  and 
the  adjoining  parts  of  South  Dakota,  Wyoming,  and 
Colorado,  is  notably  poor  as  a source  of  water  supply. 
However,  where  locally  riddled  by  openings  caused  by 
piping  or  fracturing,  water  is  transmitted  freely  to  wells. 
The  Wind  River,  Wasatch,  and  Fort  Union  foimations, 
all  older  than  the  White  River  Group,  are  important 
sources  of  small  supplies  of  water  in  a small  part  of 
northwestern  South  Dakota,  much  of  western  North 
Dakota,  and  large  areas  in  Montana  and  Wyoming. 
Hundreds  of  farm  wells  tap  one  or  another  of  these  rock 
units  or  their  equivalents  where  they  are  within  econom- 
ical drilling  depth.  Some  of  the  water  from  the  Fort 
Union  Formation  is  derived  from  open  fractures  in  beds 
of  lignite.  In  an  area  around  Denver,  Colo,  many  wells 
derive  water  from  the  Denver  Formation  or  the  upper 
part  of  the  Dawson  Arkose,  both  of  which  are  approxi- 
mate equivalents  of  the  Fort  Union  Formation. 
Although  yields  usually  are  less  than  20  gallons  per 
minute,  total  withdrawals  are  significantly  large. 

Rocks  of  Mesozoic  Age 

None  of  the  rock  units  of  Mesozoic  age  have  the 
capacity  to  produce  water  in  such  large  quantities  as  do 
the  valley-fill  and  sheetiike  deposits  of  Quaternary  age  or 
the  Ogallala-Arikaree  sequence  of  Tertiary  age.  However, 
.several  of  them  arc  important  as  reliable  .sources  of 
supply  for  domestic  and  livestock  use  throughout  much 
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of  the  large  area  where  these  rocks  crop  out  and  even  in 
some  places  where  they  are  buried  beneath  several 
hundred  feet  of  younger  rocks. 

A complex  of  water-bearing  formations  constituting 
the  uppermost  rocks  of  Mesozoic  age  underlies  much  of 
northwestern  South  Dakota,  western  North  Dakota, 
eastern  Montana,  eastern  Wyoihing,  the  southwestern 
part  of  the  Nebraska  panhandle,  and  that  part  of 
Colorado  extending  from  Weld  County  southward  to  the 
basin  boundary.  The  most  extensive  of  these  formations 
is  the  Fox  Hills  Sandstone  which  extends  throughout 
nearly  all  of  the  area.  It  is  overlain  in  the  northern  part 
of  the  area  by  the  Hell  Creek  Formation,  in  the  central 
part  by  the  Lance  Formation,  and  in  the  southern  part 
by  the  Laramie  and  Arapahoe  formations.  Where  these 
formations  are  not  buried  beneath  water-bearing 
younger  rocks,  they  are  the  principal  source  of  supply  to 
wells.  They  are  tapped  by  thousands  of  domestic  and 
livestock  wells  and  in  some  places  by  public  supply  and 
industrial  supply  wells.  Yields  greater  than  1 50  gallons 
per  minute  are  the  exception,  and  most  wells  yield 
considerably  less. 

In  rather  large  areas  of  the  Missouri  Basin,  parti- 
cularly in  Montana,  Wyoming,  South  Dakota,  and 
Colorado,  the  upper  part  of  one  or  another  of  the  thick 
shales  in  the  sequence  of  Mesozoic  rocks  is  at  or  close  to 
the  land  surface.  Since  the  shales  are  either  aquitards  or 
aquicludes,  even  small  supplies  of  ground  water  are 
generally  unavailable  except  by  drilling  through  them, 
and  they  may  be  as  much  as  1.500  to  2,000  feet  thick. 

in  several  places  in  the  western  part  of  the  Missouri 
River  Basin  and  in  the  vicinity  of  the  Black  Hiils,  one  or 
more  of  the  generally  deeper-lying  aquifers  within  the 
Mesozoic  sequence  have  been  upwarped  by  mountain- 
building forces  and  are  within  much  easier  reach  by 
drilling.  They  are  recharged  where  exposed  on  the  flanks 
of  the  domelike  uplifts.  Important  among  these  aquifers 
are  the  Judith  River  Formation,  the  Eagle  .Sandstone, 
and  the  Telegraph  Creek  Formation  in  central  Montana; 
the  Fall  River  and  Lakota  formations  in  northeastern 
Wyoming  and  western  South  kota;  the  Cloverly 
Formation  in  central  Wyoming;  the  Kootenai  Formation 
in  central  Montana;  the  Ellis,  Swift,  and  Sundance 
formations  in  southwestern  South  Dakota,  much  of 
Wyoming,  and  south-central  Montana;  the  Nuggett  Sand- 
stone in  northwestern  Wyoming;  and  the  Chugwalcr 
Formation  in  Wyoming  and  south-central  Montana. 
Although  small  yields  to  individual  wells  are  the  general 
rule,  the  capacity  of  these  aquifers  to  produce  water 
remains  to  be  tested. 

Even  though  they  yield  water  at  low  rates,  several 
other  Mesozoic  formations  in  the  western  part  of  the 
basin  are  locally  important  as  source.s  of  supply  because 
they  are  the  only  accessible  aquifers.  In  the  eastern  part 
of  the  basin,  two  Mesozoic  rock  units  arc  important  as 
aquifers.  One  is  the  Niobrara  Formation  which,  in 


ci>mbination  with  the  Codell  Sandstone  Member  of  the 
Carlile  Shale,  underlies  a large  area  in  eastern  South 
Dakota.  The  other  is  the  Dakota  Formation,  which 
underlies  an  area  extending  from  eastern  North  Dakota 
to  central  Kansas.  The  former  is  the  source  of  .supply  for 
many  farm  wells  and,  since  withdrawals  have  not  yet 
caused  any  significant  lowering  of  the  water  level,  it  is 
likely  that  many  more  small-yield  wells  can  be  drilled 
into  it  before  depletion  becomes  a matter  of  concern. 
The  latter,  first  discovered  in  the  IKSO's  as  a source  of 
artesian  supplies,  is  also  tapped  by  a multitude  of 
small-diameter  wells.  Some  t1o'w  at  rales  greater  than 
too  gallons  per  minute,  but  most  t1ow  at  much  smaller 
rates  or  must  be  pumped.  Total  current  discharge  of 
water  from  the  Dakota  Formation  may  exceed 
50  million  gallons  per  day. 

Wheie  they  outcrop  around  the  Black  Hills  and  for  a 
short  distance  downdip  from  their  outcrop,  the  Fall 
River  and  Lakota  formations  arc  tapped  by  many  wells. 
The  water  commonly  is  under  sufficient  artesian  pres- 
sure to  flow  or  to  rise  within  a few  feet  of  the  land 
surface.  Most  wells  yield  less  than  15  gallons  per  minute, 
but  a few  yield  as  much  as  150  gallons  per  minute. 

In  recent' years,  many  wells  have  been  drilled  into  the 
Kootenai  Formation  in  the  Judith  Basin  area  in 
Montana.  In  a large  part  of  the  area,  the  water  is  under 
enougit  artesian  pressure  to  make  the  wells  flow.  It  is 
estimated  that  300,000  acre-feet  of  water  still  is  stored 
in  this  aquifer  within  economical  drilling  depth. 

Rocks  of  Paleozoic  Age 

Aquifers  included  within  the  thick  sequence  of 
Paleozoic  rocks  are  sources  of  water  supply  not  only  in 
the  several  areas  where  these  rocks  are  exposed  but  also 
in  some  areas  where  they  arc  deeply  buried  beneath 
younger  rocks  not  capable  of  yielding  needed  quantities 
of  water.  Thousands  of  domestic  and  stock  wells  and 
many  municipal  and  industrial  wells  with  moderately 
large  to  large  yields  tap  one  or  another  of  these  aquifers 
in  the  area  of  eastern  Kansas,  southeastern  Nebraska, 
southwestern  Iowa,  and  all  of  Missouri  within  the 
Mis.souri  Basin.  They  also  are  .sources  of  supply  in  and 
for  short  distances  downdip  from  their  outcrop  in 
several  of  the  mountainous  areas,  including  the  Black 
Hills,  and  at  scattered  locations  in  the  plains  area,  where 
they  are  deeply  buried.  .Several  large  springs  issue  from 
Paleozoic  rocks  in  central  Montana,  north-central  Wyo- 
ming. southwestern  South  Dakota,  and  south-central 
Missouri. 

In  descending  order,  the  most  important  of  the 
Paleozoic  aquifers  are  the  Minnekahta  Limestone;  a 
complex  composed  of  the  Quadrant  and  Tcnsleep 
sandstoires,  the  upper  part  of  the  Ainsden  Formation, 
and  the  Minnelusa.  llartville.  and  Fountain  formatioits; 
the  Heath  Formation;  the  Kibbey  Sandstone;  attd  the 
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correlative  Madison,  Pahasapa.  and  Guernsey  limestones. 

The  Minnekahta  Limestone  usually  is  not  considered 
to  be  an  aquifer.  At  several  locations  in  western  South 
Dakota  and  eastern  Wyoming,  however,  flowing  wells 
tapping  it  have  yields  ranging  from  10  to  as  much  as 
5,000  gallons  per  minute.  Probably,  the  productivity 
here  is  due  to  upward  movement  of  water  from 
underlying  rocks  along  faults  and  other  fractures. 

The  complex  including  the  Quadrant  and  Tensleep 
sandstones  underlies  much  of  southern  and  eastern 
Montana,  western  North  Dakota,  much  of  Wyoming, 
western  South  Dakota,  northeastern  Colorado,  and 
probably  parts  of  western  Nebraska  and  western  Kansas. 
In  most  places,  however,  overlying  aquifers  are  capable 
of  supplying  current  water  demands  or  the  complex  is 
too  deeply  buried  to  warrant  its  exploration  as  a source 
of  water  supply.  The  principal  outcrops  of  this  complex 
are  in  Montana  and  Wyoming,  and  on  all  sides  of  the 
Black  Hills  uplift.  Conditions  for  recharge  from  precipi- 
tation and  stream  seepage  are  favorable  in  most  of  the 
outcrop  areas;  and  downdip  from  the  outcrops,  the 
sandstone  layers  of  this  complex  generally  contain  water 
under  high  pressure  and  are  capable  of  yielding  moder- 
ately large  quantities  of  water  to  flowing  wells. 

The  Heath  Formation  and  the  Kibbey  Sandstone  are 
tapped  by  several  wells,  some  flowing,  in  central 
Montana.  However,  the  full  extent  or  the  potential  of 
these  aquifers  as  sources  of  water  supply  is  not  known. 

The  correlative  Madison-Pahasapa-Guernsey  lime- 
stones constitute  an  aquifer  that  has  bean  tapped  by 
wells  at  scattered  locations  in  Montana,  Wyoming, 
western  North  Dakota,  and  western  South  Dakota.  It  is 
known  to  underlie  northwestern  Nebraska  and  part  of 
Colorado,  and  it  may  extend  into  western  Kansas.  It 
outcrops  in  mountainous  areas  where  conditions  for 
recharge  are  frequently  favorable.  Downdip  from  the 
outcrops,  water  is  under  high  enough  pressure  for  wells 
to  flow.  Several  wells  in  western  South  Dakota,  for 
example,  some  more  than  4,000  feet  deep,  flow  more 
than  100  gallons  per  minute.  Moderately  large  yields 
from  scattered  wells  in  Wyoming  and  Montana  indicate  a 
potential  for  much  greater  development  of  this  aquifer 
in  these  states. 

Upper  Paleozoic  rocks  also  crop  out  or  are  near  the 
surface  in  the  southeastern  part  of  the  Missouri  Basin, 
where  they  are  tapped  by  many  farm  wells.  Apparently, 
none  of  these  aquifers  are  capable  of  yielding  supplies 
greater  than  those  needed  for  domestic  and  stock  use. 

The  lower  Paleozoic  rocks  are  known  to  contain 
important  aquifers  in  the  Black  Hills  area  and  in  the 
Ozark  area  in  the  southeastern  part  of  the  basin.  In  the 
Black  Hills  area,  these  rocks  are  known  to  contain  a large 
volume  of  water  under  higlr  artesian  pressure.  Some 
water  from  these  rocks  is  used  for  domestic  and  stock 
supplies,  but  most  of  the  water  from  this  source  is  too 
saline  for  most  uses.  In  the  southeastern  part  of  the 


basin,  the  lower  Paleozoic  rocks  outcrop  on  the  flanks  of 
the  Ozark  uplift  in  Missouri,  and  they  underlie  much  of 
northwestern  Missouri,  extending  also  into  Iowa  and 
into  eastern  Kansas  and  Nebraska.  Aquifers  in  these 
rocks  are  used  extensively  as  a source  of  water  supply 
for  farm  wells  and  for  many  wells  supplyii^  munici- 
palities and  industries.  An  estimated  352  million  acre- 
feet  of  water  is  stored  by  Paleozoic  aquifers  in  this  part 
of  the  basin. 

The  lateral  extent,  the  overall  storage  capacity,  and 
the  yield  capability  of  the  deeply  buried  Paleozoic  rocks 
are  not  known.  If  information  on  ail  aquifers  encoun- 
tered during  drilling  of  oil  tests  and  other  exploratory 
holes  were  made  part  of  the  public  record,  a sound  basis 
for  estimating  the  quantities  of  water  that  could  be 
withdrawn  from  these  rocks  would  be  provided.  Water 
from  deep  sources  is  generally  warmer  and  more  highly 
mineralized  than  that  from  shallower  sources.  However, 
desalinization  of  water  from  deep  sources  may  even- 
tually prove  to  be  a feasible  solution  to  some  water- 
supply  problems. 

Rocks  of  Pre-Paleozoic  Age 

Despite  their  almost  complete  lack  of  primary  inter- 
granular porosity,  the  metamorphic  and  igneous  rocks  of 
pre-Paleozoic  age  are  tapped  by  a large  number  of  wells 
in  those  areas  where  younger  rocks  have  been  removed 
by  erosion.  Their  capacity  to  store  and  transmit  water 
generally  is  due  entirely  to  the  existence  of  a system  of 
interconnected  open  fractures.  In  many  cases,  well  yields 
vary  seasonally,  since  the  fractures  tend  to  fill  during 
rainy  periods  and  to  drain  between  such  pc  nods. 
Usually,  wells  in  these  rocks  can  sustain  only  small 
yields.  They  are  important,  however,  because  in  areas 
where  these  rocks  are  exposed  no  other  sources  of 
ground  water  are  available. 

Few  wells  derive  water  from  pre-Paleozoic  rocks 
where  these  are  overlain  by  sedimentary  rocks.  The 
possibility  of  obtaining  water  from  weathered  granite 
underlying  the  sedimentary  sequence,  however,  should 
not  be  overlooked.  Secondary  porosity  and  perme- 
ability, developed  during  the  weathering  process,  may 
have  rendered  this  rock  capable  of  small  to  moderate 
yields  to  wells. 


Extruded  Igneous  Rocks 

The  occurrence  of  water  in  extruded  igneous  rocks, 
whatever  their  geologic  age,  is  generally  similar  to  its 
occurrence  in  the  pre-Paleozoic  rocks.  Springs  issuing 
from  rhyolite  of  Tertiary  age  in  Yellowstone  National 
Park  provide  a noteworthy  exception.  At  least  seven 
springs  in  the  park  flow  at  rates  greater  than  500  gallons 


too 


per  tninute,  and  a hundred  or  more  other  springs  have 
smaller  flows.  Much  of  the  spring  water  has  a tem- 
perature higher  than  1S0*^F. 

GROUND-WATER  WITHDRAWALS 

An  accurate  computation  of  annual  ground-water 
pumpage  in  the  Missouri  River  Basin  would  require  an 
inventory  of  all  large-yield  wells,  periodic  measurement 
of  yield  rates,  and  recording  of  pumping  periods.  So 
tremendous  an  effort  would  be  required  that  no  such 
computation  has  been  attempted  for  the  framework 
study. 

To  obtain  some  measure  of  the  quantity  of  ground 
water  pumped  annually  and  to  determine  the  rate  of 
increase  in  the  use  of  ground  water,  each  District  office 
of  the  Water  Resources  Division  of  the  U.  S.  Geological 
Survey  was  requested  to  estimate  annual  pumpage,  by 
counties  or  groups  of  counties,  for  three  different  S-year 
periods.  Summarized  by  states,  these  estimates  are 
shown  in  table  21. 


Table  21  - USE  OF  GROUND  WATER  RESOURCES 


Stite 

(Miswuii  Basin  Portion) 

Annual  Pumpage  in  Acre-Feet 

19SI-SS 

I9S6-60 

1961-«5 

Colorado 

578,300 

563,300 

731,100 

Iowa 

54,600 

87,100 

87,100 

Kansas 

423,000 

538,000 

956,000 

Missouri 

89,900 

101,900 

109,700 

Montana 

100,500 

103,700 

117,500 

Nebraska 

794,200 

1,548,000 

1,780,000 

North  Dakota 

5,100 

10,600 

17,900 

South  Dakota 

68,100 

79,300 

94,600 

Wyoming 

101,000 

114,500 

118,000 

Missouri  Basin 

2,214,700 

3,146,400 

4,01 1,900 

If  the  values  in  table  21  are  approximately  correct 
and  the  rate  of  increase  during  the  I S-year  period  is 
projected,  a reasonable  estimate  of  average  annual 
pumpage  at  the  1970  stage  of  development  is  about 
5.3  million  acre-feet.  The  approximate  current  distri- 
bution of  withdrawals,  expressed  in  acre-feet  per  square 
mile  of  aquifer  extent,  is  shown  by  plate  2 1 . 


CHANGES  IN  GROUND-WATER  LEVELS 

In  some  localities,  difficulties  in  meeting  municipal 
demands  from  ground-water  sources  already  have  been 
experienced.  Many  long-time  irrigators  in  upland  areas 
are  beginning  to  be  concerned  about  evidences  of 
progressive  water-level  decline.  As  use  of  ground-water 
resources  continues  to  increase,  concern  over  the  ade- 
quacy of  mpplies  will  increase.  Areas  of  the  Missouri 
Basin  in  which  marked  water-level  declines  already  have 
occurred  are  shown  by  plate  22.  This  plate  shows  also 
areas  of  pressure-surface  decline  and  areas  of  marked 
water-table  rise  caused  by  seepage  from  canals  and 
applied  irrigation  water. 

Concern  has  been  expressed  in  several  parts  of  the 
basin  that  ground-water  withdrawals  will  cause  a reduc- 
tion in  the  base  flow  of  streams.  Such  concern  is 
justified  only  if  pumping  from  wejls  intercepts  water 
otherwise  destined  to  be  discharge  i into  a stream  or 
causes  an  ordinarily  effluent  strear  to  become  influent. 
Evapotranspiration,  in  areas  of  fallow  water  table, 
accounts  for  such  a large  fraction  of  total  natural 
ground-water  discharge  that  ground-water  withdrawals 
are  much  more  likely  to  effect  a decrease  in  discharge 
to  the  atmosphere  than  to  streamflow.  Furthermore, 
because  ground-water  movement  is  so  slow,  heavy  with- 
drawals are  more  likely  to  result  in  a local  lowering  of 
water  levels  than  in  a significant  lessening  of  the  hy- 
draulic gradient  toward  a natural  discharge  area  several 
miles  distant.  Generally  speaking,  streamflow  is  likely  to 
be  most  affected  by  pumping  from  wells  in  localities 
where  sites  of  large  withdrawals  are  close  to  streams. 

Despite  the  large  total  ground-water  withdrawals  to 
date,  the  quantity  of  ground  water  now  in  storage 
probably  is  nearly  as  great,  and  in  some  localities  even 
greater,  than  when  the  first  well  was  dug.  Seepage  from 
streams,  particularly  at  times  of  high  flow  or  flood  stage, 
has  replaced  much  ground  water  pumped  in  vallev  areas, 
and  seepage  of  water  diverted  for  irrigation  has  added 
water  to  storage.  A notable  example  of  the  latter  is  the 
large  mound  of  water  beneath  a par.  ui  ihe  area  supplied 
irrigation  water  by  the  Central  Nebraska  Public  Power 
and  Irrigation  District  in  Nebraska.  Less  well  docu- 
mented is  the  buildup  of  the  water  table  beneath  terrace 
lands  in  the  Platte  River  valley  due  to  recharge  from 
irrigation  beginning  late  in  the  last  century. 
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CHAPTER  8 


WATER  QUALITY 


WATER  QUALITY  AND 
ENVIRONMENT 

The  quality  of  either  surface  water  or  ground  water  is 
largely  the  product  of  the  environment  in  which  the 
water  exists.  Pure  water  is  practically  unknown  in 
nature.  The  substances  which  determine  water’s  chemi- 
cal and  physical  characteristics  and  which  define  its 
quality  have  many  sources.  Since  water  is  a solvent,  it 
dissolves  and  carries  in  solution  certain  materials  derived 
from  the  soils  and  rocks  over  which  it  flows  or  through 
which  it  percolates.  Since  flowing  water  has  the  capacity 
to  carry  other  materials  in  suspension,  flowing  streams 
transport  sediments  and  wastes  brought  to  them  by 
overland  runoff.  The  quantities  of  these  materials  that 
affect  water  quality  often  are  increased  by  man’s  use  of 
the  land  and  by  man-made  wastes. 

SIGNIFICANCE  OF  WATER  QUALITY 

Quality  of  water  is  vitally  important  in  planning  for 
water  resources  development,  for  it  is  quality  that 
determines  the  suitability  of  an  available  water  supply 
for  a:i  intended  use.  Water  quality  characteristics  are 
numerous  and  varied,  and  quality  requirements  vary 
with  intended  use.  Water  suitable  for  one  specific  use 
may  be  entirely  unsuitable  for  another.  It  is  not  enough, 
therefore,  to  determine  that  water  is  available.  It  must 


be  determined  also  that  the  available  supply  is  suitable 
for  the  use  intended. 

Each  use  of  water  alters  its  quality,  sometimes 
significantly.  Where  water  supply  is  limited,  therefore, 
planning  must  include  determination  of  the  effect  of 
intended  uses  on  the  suitability  of  the  supply  to 
continue  to  meet  already  existing  uses. 

WATER  QUALITY  CRITERIA 

A rather  complete  discussion  of  criteria  by  which 
water  quality  may  be  judged  appears  in  the  “Report  of 
the  Committee  on  Water  Quality  Criteria,’’  April  1, 
1968,  published  by  the  Federal  Water  Pollution  Control 
Administration,  U.  S.  Department  of  the  interior.  A 
discussion  of  criteria  specifically  applicable  to  drinking 
water  appears  in  the  “Public  Health  Service  Drinking 
Water  Standards,  1962”,  published  by  the  U.  S.  Depart- 
ment of  Health,  Education  and  Welfare. 

Water  quality  criteria  for  the  Missouri  Basin  compre- 
hensive framework  study  were  adopted  to  judge  the 
suitability  of  available  supplies  for  a specific  purpose  or 
group  of  purposes.  These  criteria  are  considered  sub- 
sequently in  this  appendix  in  connection  with  hydro- 
logic  analyses  of  framework  plans  developed  for  1980, 
2000,  and  2020.  The  states  of  the  basin  have  adopted 
water  quality  standards  for  the  protection  and  enhance- 
ment of  water  quality.  The  general  range  of  these  values 
and  those  used  in  the  framework  study  are  as  shown. 


Measure 

Maximum  or 
Minimum  Limit 

Unit 

Range  of 
State  Values 

Framework 
Study  Values 

Dissolved  Oxygen 

Minimum 

mg/I 

Cold-water  fisheries 

6 or  7 

7 

Warm-water  fisheries 

5 

5 

Domestic 

3or4 

lndiistri,al 

3 

Total  Dissolved  Solids 

Maximum 

mg/I 

500  to  1,500 

Domestic 

500  to  1.000 

Agriculture 

700  to  1,500 

Temperature  increase 

Maximum 

Degree  Is 

5 

Cold-water  fisheries 

0 to  5 

Warm-water  fisheries 

Oto  10 
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SUBSTANCES  THAT  AFFECT 
WATER  QUALITY 

Substances  that  affect  the  quality  of  water  in  the 
Missouri  Basin  are  numerous.  The  more  common  and  the 
more  significant  of  these  are  described  briefly  in  the 
following  paragraphs,  and  their  effects  in  connection 
with  the  various  uses  of  water  are  discussed. 

Total  Dissolved  Solids 

Dissolved  solids  are  salts  in  solution.  Most  commonly 
in  the  Missouri  Basin,  these  are  carbonates,  bicarbonates, 
chlorides,  sulfates,  and  phosphates  of  calcium,  mag- 
nesium, sodium,  and  potassium,  with  traces  of  other 
chemicals.  Water  quality  is  affected  more  significantly 
by  the  specific  chemicals  present  than  by  the  total 
quantity  of  dissolved  solids.  Nevertheless,  there  is  an 
upper  limit  for  total  dissolved  solids  concentration 
beyond  which  water  becomes  unpalatable,  has  undesir- 
able physiological  ef^fects  on  both  people  and  animals, 
adversely  affects  aquatic  life  through  osmosis,  is  unsuit- 
able for  irrigation  use,  damages  industrial  equipment 
through  scaling  and  corrosion,  and  adversely  affects  the 
taste  and  color  of  finished  food  products  when  such 
water  is  used  for  processing. 

Sulfates 

Sulfates  in  water  are  derived  naturally  from  the 
dissolving  action  of  water  on  gypsum  and  other  common 
minerals.  They  are  also  among  the  wastes  discharged 
from  certain  industrial  processes.  Some  sulfates  are 
relatively  insoluble,  but  the  sulfates  of  sodium,  po- 
tassium, and  ammonium  are  highly  soluble.  In  sufficient 
concentration,  sulfates  make  water  unpalatable  and  such 
water  may  have  a laxative  effect  on  new  users.  In 
concentrations  which  vary  with  the  specific  sulfate 
compounds,  waters  containing  them  may  be  harmful  to 
aquatic  life.  Sulfates  in  irrigation  water  in  high  con- 
centrations may  cause  precipitation  of  calcium  and  may 
in  themselves  be  harmful  to  plants.  Sulfates  increase  the 
corrosive  action  of  water  on  concrete  and  they  form 
hard,  adherent  scales  on  heat-transfer  equipment. 

Chlorides 

Chlorides  most  often  affecting  water  quality  are  those 
of  sodium,  calcium,  and  magnesium.  Natural  sources  of 
chlorides  arc  leaching  from  soil  and  rock  formations  and 
erosion  of  soluble  chloride  salt  deposits.  Chlorides  used 
in  agriculture  and  industry  are  also  often  the  source  of 
chlorides  in  water.  Brine  associated  with  oilfield  opera- 
tions is  a particularly  significant  industiial  source. 
Chlorides  in  concentrations  which  do  not  make  water 
unpalatable  generally  are  not  harmful  to  people  except 


where  certain  diseases  are  already  present.  The  effect  of 
chlorides  on  aquatic  life  is  highly  variable,  with  some 
species  of  fresh-water  flsh  being  harmed  by  relatively 
minor  concentrations  while  others  are  able  to  tolerate 
rebtively  high  concentrations.  Chlorides  in  irr^tion 
water  generally  are  more  harmful  to  plants  than  are 
sulfates.  The  specific  chlorides  present,  however,  parti- 
cularly with  regard  to  sodium,  are  more  significant  in 
irr^tion  than  are  the  concentrations  in  chlorides.  Most 
industrial  processes  can  tolerate  only  relatively  low 
chloride  concentrations,  but  the  tolerance  varies  widely 
from  industry  to  industry. 

Calcium  and  Magnesium 

Calcium  and  magnesium  are  the  elements  most  often 
responsible  for  so-called  hardness  in  water,  although 
otlier  elements  also  cause  hardness.  Sources  are  both 
natural,  when  water  comes  into  contact  with  soil  and 
rock  formations  containing  the  salts  of  these  elements, 
and  man-made,  when  industrial  wastes  containing  these 
elements  are  disposed  of  in  streams.  Water  with  reason- 
able concentrations  of  these  substances  probably  is  not 
harmful  to  people  or  to  animals. 

The  salts  that  produce  hardness  in  domestic  water 
supplies,  however,  affect  the  quality  of  foods  cooked  in 
such  water,  cause  excessive  soap  consumption,  and  result 
in  excessive  formation  of  scale  in  heating  equipment,  in 
pipes,  and  on  utensils.  Excessive  amounts  of  these  sales 
also  are  harmful  in  many  industrial  processes. 

Nitrates 


Nitrates  are  utilized  by  plants  as  nutrients.  Since  they 
are  produced  by  aerobic  stabilization  of  organic  nitro- 
gen, they  may  occur  in  undesirable  concentrations  in 
surface  waters  containing  organic  wastes  that  have 
undergone  natural  purification  or  aerobic  treatment 
processes.  They  also  may  occur  in  undesirable  concen- 
trations in  ground  waters  or  surface  waters  as  the  result 
of  leaching  from  waste-treatment  facilities  and  feedlots, 
or  as  the  result  of  application  of  fertilizers  in  agricultural 
areas.  Water  containing  excessive  concentrations  of 
nitrates  has  undesirable  physiological  effects  on  humans, 
particularly  infants.  Excess  concentrations  of  nitrates 
also  make  water  unsatisfactory  for  use  in  many  indus- 
trial processes,  and  are  in  part  responsible  for  nuisance 
aquatic  weed  growth  which  may  cause  taste  and  odor 
problems. 

Other  Chemical  Substances 

Other  chemical  substances,  less  common  and  less 
widespread,  also  affect  water  quality.  Fluorides,  found 
in  ground  water  m some  areas  of  the  basin,  are  believed 
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to  be  beneficial  in  low  concentrations.  PermissStle  upper 
limits  of  from  0.8  tu.|.7  mg/1  have  been  recommeiuled 
in  the  USPHS  Drinking  Water  Standards  depending  on 
the  annual  average  of  maximum  daily  air  temperatures 
for  the  locale.  As  concentrations  inaease  above  these 
recommended  limits,  various  physiological  effects  are 
evidenced  with  the  level  of  toxicity  to  humans  being 
about  180mg/l.  Neither  fluorides,  iron,  nor  mana- 
ganese,  in  the  concentrations  normally  found  in  the 
basin,  adversely  affect  the  use  of  water  for  irrigation. 
Water  containing  boron  in  higher  concentrations,  over 
30  milligrams  per  liter,  has  undnirable  physiological 
effects  on  people.  Ingestion  of  large  amounts  of  boron 
can  affect  the  central  nervous  system,  and  protracted 
ingestion  may  result  in  a clinical  syndrome  known  as 
borism.  While  boron  is  an  element  essential  for  plant 
growth,  even  concentrations  as  low  as  1 milligram  per 
liter  may  be  injurious  to  some  plants,  since  boron  tends 
to  accumulate  in  the  soil  with  continued  application  of 
such  water.  Most  other  chemical  substances  affect  such  a 
limited  portion  of  the  basin’s  water  supply  or  occur  in 
such  limited  concentrations  that  they  are  not  of  major 
significahce  as  determinants  of  water  quality. 


Sediment 

The  sediment  content  of  water  is  primarily  the  result 
of  tlie  natural  process  of  erosion.  This  process,  however, 
is  accelerated  by  some  agricultural  practices,  by  some 
construction  activities,  and  by  some  industrial  and 
municipal  activities.  .Sediment  constitutes  the  greater 
part  of  the  suspended  solids  in  most  streams.  Settleable 
solids  may  be  of  value  in  water  treatment  processes,  but 
high  concentrations  increase  the  cost  of  treatment.  An 
excess  of  settleable  solids  in  natural  streams  and  lakes 
may  blanket  the  bottoms  to  such  an  extent  that 
fish-spawning  grounds  are  destroyed  and  food  organisms 
are  smothered.  Sediment  is  generally  undesirable  in 
water  for  municipal  or  industrial  use.  It  is  generally 
undesirable  al.so  in  waters  used  for  recreational  activities 
of  a body-contact  nature.  In  reservoirs,  sediment  de- 
position causes  a depletion  of  reservoir  storage  capacity. 


Radioactive  Material 

Radioactive  material  may  be  introduced  into  surface 
waters  from  both  natural  and  man-made  sources.  Radio- 
active contamination  of  water  to  any  degree  is  unde- 
sirable, regardless  of  the  water  use.  Although  radioactive 
contamination  has  not  been  a problem  in  the  Missouri 
Basin  to  the  present  time,  problems  may  develop  in  the 
future. 


IdiGrabioioficsl  Orfininns 

Bacteria  have  been  used  as  indicators  of  the  sanitary 
quality  of  water  since  1880  when  E.  coli  and  similar 
organisnis  were  shown  to  be  normal  inhabitants  of  fecal 
discharges.  This  group  includes  organisms  that  vary  in 
biochemical  i;nd  serological  characteristics  and  in  their 
natural -sources  and  habitats,  .such  as  feces,  soil,  water, 
wd  vegetation. 

Because  the  sanitary  significance  of  the  various 
members  of  the  coliform  group  derives  from  their 
natural  sources,  differentiation  of  fecal  from  nonfecal 
organisms  is  important  in  the  evaluation  of  raw  water 
quality.  Fecal  coliforms  are  characteristically  inhabitants 
of  the  intestines  of  warmblooded  animals.  Members  of 
other  coliform  subgroups  may  be  found  in  .soil,  on  plants 
and  insects,  in  old  sewage,  and  in  waters  polluted  some 
time  in  the  past. 

The  objective  of  using  the  coliform  group  as  an 
indicator  of  the  sanitary  quality  of  water  is  to  evaluate 
the  disease-producing  potential  of  the  water.  To  estimate 
the  probability  of  pathogens  being  contributed  from 
feces,  the  coliform  and  fecal  coliform  content  must  be 
quantified. 

Fecal  coliform  organisms  may  be  considered  as 
indicators  of  lecent  fecal  pollution.  It  is  necessary  to 
consider  all  fecal  coliform  organisms  as  indicative  of 
dangerous  contamination.  Moreover,  no  satisfactory 
method  is  currently  available  for  differentiating  between 
fecal  organisms  of  human  and  animal  origin.  However 
some  diseases  can  be  transmitted  to  man  from  animals 
and  consequently  fecal  organisms  from  animal  origin  are 
of  importance  also. 

In  general,  the  presence  of  fecal  coliform  organisms 
indicates  recent  and  possibly  dangerous  pollution.  'I  he 
presence  of  other  coliform  organisms  suggests  le.ss  recent 
pollution  or  contributions  from  other  sources  of  non- 
fecal origin. 

In  the  past,  the  coliform  test  has  been  the  principal 
criterion  of  the  suitability  of  raw  water  sources  lor 
public  water  supply.  The  increase  in  chlorination  of 
sewage  treatment  plant  effluents  distorts  this  criterion 
by  reducing  coliform  concentrations  without  removing 
many  other  substances  which  the  water  treatment  plant 
is  not  well  equipped  to  remove.  It  is  essential  that  raw 
water  sources  be  judged  as  to  suitability  by  measures  and 
criteria  including,  but  not  solely  based  on,  the  coliform 
organism  concentrations. 

Municipal  Sewage 

Municipal  sew.ige  is  a diluted  mixture  of  the  many 
wastes  from  the  household,  commercial,  and  indtisliial 
activities  of  the  community.  Organic  matter  is  normally 
the  principal  ingredient  of’iminicipal  wastes  insofar  as 
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effect  on  water  quality  is  concerned.  Where  extensive 
industrial  activity  is  present,  however,  the  volume  and 
great  variety  of  industrial  wastes  also  may  have  a major 
effect  on  water  quality.  That  portion  of  municipal 
wastes  attributable  to  widespread  use  of  hard  deter^nts 
and  other  household  chemicals  has  a particular  effect  on 
water  quality  since  these  wastes  are  not  removed  by 
conventional  sewage-treatment  processes.  The  newer 
biodegradable  detergents  are  removed  in  the  secondary 
biological  sewage  treatment  process. 

Agricultunl  Wartai 

Agricultural  activities  contribute  many  types  of  waste 
to  the  basin’s  streams.  The  most  apparent  effect  of 
agricultural  wastes  on  water  quality  is  the  increase  in 
sediment  over  that  produced  under  natural  conditions. 

Other  effects,  however,  are  also  significant.  Natural 
runoff  from  agricultural  areas  leaches  agricultural  chem- 
icals, including  fertilizers  and  pesticides,  from  the  soil. 
Fertilizers  washed  into  streams  increase  available  nu- 
trients and  cause  undesirable  growth  of  aquatic  plants. 
Pesticides  and  herbicides  washed  into  the  streams  build 
up  toxic  concentrations  which  affect  the  biota  of  the 
receiving  waters. 

Surface  runoff  from  barnyards  and  feedlots  carries 
organic  materials  and  large  numbers  of  bacteria  into  the 
receiving  streams.  Limited  available  data  indicate  that, 
following  each  rise  in  stream  turbidity,  there  is  usually  a 
measurable  decrease  in  oxygen  concentrations  and  a 
considerable  increase  in  coliform  organisms  in  the 
receiving  streams.’ The  current  practice  of  feeding  large 
numbers  of  cattle  in  small,  confined  areas  is  increasing 
the  pollution  problems  caused  by  agricultural  wastes.  It 
is  estimated  that  gross  organic  waste  load  from  animal 
feedlots  in  the  year  2020  will  have  a population 
equivalent  nearly  eight  times  as  large  as  the  human 
population  at  that  time. 

Irrigation  ^practices  al.so  adversely  affect  water  qual- 
ity. The  consumptive  use  of  water  by  evapotranspiration 
increases  the  .salt  concentrations  in  irrigation  return 
flows.  In  some  areas,  the  increase  in  total  dissolved  solids 
may  be  great  enough  to  limit  the  usefulness  of  the  return 
flows. 

OTHER  CHARACTERISTICS  THAT  AFFECT 
WATER  QUALITY 

Color 

Color  in  water  may  be  of  natural  mineral  or  vegetable 
origin  or  may  be  the  result  of  man’s  activities.  Soluble 
organic  or  inorganic  industrial  wastes,  agricultural  drain- 
age, and  growth  of  algae  or  other  aquatic  organisms  all 
may  have  an  effect  on  the  color  of  water.  Color  is 


objectionable  in  municipal  water  supply  and  is  un- 
derirable  in  water  used  for  certain  industrial  processes. 
The  principal  effect  of  color  in  water,  however,  is 
aesthetic. 

Taste  and  Odor 

Disagreeable  taste  and  odor  in  water  are  associated 
with  the  presence  of  any  of  a great  variety  of  objec- 
tionable substances,  particularly  living  microscopic  or- 
ganisms or  decaying  vegetation,  including  weeds. 
biKteria,  fungi,  antinomycetes  and  algae,  decaying  or- 
ganic matter,  sewage,  and  industrial  waste  products. 
Problems  of  taste  and  odor  are  very  complex  because  the 
senses  of  taste  and  smell  are  intimately  related  and  their 
responses  are  often  difficult  to  differentiate  clearly.  In 
addition,  it  is  frequently  difficult  and  sometimes  im- 
possible to  identify  the  specific  cause  of  a taste  or  odor, 
because  many  substances  can  produce  what  appears  to 
be  the  same  effect  or  because  mixtures  of  substances 
may  be  involved.  Odor  and  taste  problems  may  be 
aggravated  by  the  impounding  of  water  or  by  the 
settlement  of  suspended  solids,  resulting  in  trapping  of 
decaying  matter  on  lake  or  stream  bottoms. 

Waters  free  of  taste  and  odor  nuisances  arc  desirable 
for  drinking  and  domestic  use.  industry,  irrigation,  fish 
propagation,  and  recreation.  Objectionable  taste  and 
odor  are  particularly  undesirable  in  water  used  for 
drinking,  domestic  purposes,  beverages,  dairying,  dis- 
tilling, brewing,  and  food-processing  industries. 

Turbidity 

Turbidity  of  a water  sample  is  measured  by  the 
extent  to  which  the  intensity  of  light  passing  through  it 
is  reduced  by  suspended  matter.  Turbidity  of  water  is 
attributable  to  suspended  and  colloidal  matter,  the 
effect  of  which  is  to  disturb  clearness  and  diminish  the 
penetration  of  light.  Turbidity  may  be  caused  by 
microorganisms  or  organic  detritus,  silica,  or  other 
mineral  substances,  including  zinc,  iron  and  manganese 
compounds,  clay,  silt,  sawdust,  fibers,  or  other  materials. 
These  causative  agents  may  be  the  result  of  natural 
erosion  processes  or  they  may  be  the  result  of  domestic 
sewage  disposal  or  disposal  of  wastes  from  various 
industries  such  as  mining,  dredging,  logging,  and  others. 

Temperature 

Temperature  of  water  varies  with  seasonal  changes  in 
the  temperature  of  the  air  and  may  also  be  affected  by 
discharges  from  hot  or  cold  springs,  releases  from  water 
impoundments,  and  discharge  of  industrial  wastes.  Water 
temperature  is  critical  in  certain  industrial  processes. 
Sudden  changes  in  temperature  are  of  particular  concern 
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in  propagation  of  fish  and  other  aquatic  life.  Certain 
water-temperature  conditions  may  result  in  algal  blooms 
and  taste  and  odor  problems. 


9udge  Deposits 

Sludge  deposits  formed  by  the  settling  of  organic 
material  in  streams  smother  beneficial  organisms  and 
inhibit  the  spawning  of  fish.  Anaerobic  decomposition 
of  the  sludge  deposits  robs  the  streams  of  oxygen. 
Floating  material,  lifted  by  the  gas  produced  in  de- 
composition, causes  odor  problems  and  is  unsightly. 


Floating  Material 

Floating  debris,  oil,  and  scum  are  not  only  aestheti- 
cally undesirable,  but  these  materials  also  clog  water- 
intake  screens,  interfere  with  water-treatment  processes, 
impede  stream  reaeration,  impart  undesirable  taste  and 
odor,  and  necessitate  extraordinary  treatment  before 
beneficial  use  may  be  made  of  the  water  in  which  they 
appear.  They  may  also  be  evidence  of  putrefying  organic 
deposits  on  the  stream  bed. 


AVAILABILITY  OF  DATA  ON  WATER 
QUALITY 

Surface  Water 

Tlie  U.,S.  Geological  Survey,  in  cooperation  with  the 
basin  states,  has  conducted  investigations  of  the  quality 
of  surface  waters  in  the  Missouri  River  Basin.  If  began 
publishing  annual  records  of  chemical  quality,  suspended 
.sediment,  and  water  temperature,  for  surface  waters,  in 
1941.  More  recently,  some  of  the  basin  states  have 
become  more  active  in  this  field.  The  state  of  Kansas,  for 
c.\ample,  has  participated  since  1961  in  an  expanded 
cooperative  quality-sampling  network  which  now  con- 
sists of  77  stations,  of  which  seven  aie  sampled  daily,  64 
are  sampled  monthly,  and  six  are  sampled  quarterly. 
Five  stations  are  equipped  with  continuous  conductivity 
meters.  In  addition,  Kansas  conducts  intensive  investi- 
gations in  individual  stream  basins,  commonly  involving 
50  to  100  sampling  stations,  m order  to  better  evaluate 
the  quality  characteristics  of  the  water  resources  of 
those  basins;  and  it  is  conducting  a special  investigation 
to  evaliiate  the  quantity  and  qtiality  of  irrigation  return 
flow.  As  other  examples,  Wyoming  participates  in  a 
cooperative  program  to  investigate  the  quality  of  both 
surface-water  and  ground-water  supplies,  anu  Montana  is 
expanding  its  investigations  of  .surface-water  quality. 


The  U.  S.  Public  Health  Service  started  a surveillance 
program  in  1956  with  the  active  participation  of  local 
agencies.  The  program  has  been  maintained  after  the 
administrative  reorganization  by  the  Federal  Water 
Pollution  Control  Administration.  By  1969,  1 8 stations 
were  in  operation  in  the  .Missouri  Basin  with  limited 
analyses  for  chemical,  physical,  bacteriological,  radio- 
logical, and  biological  parameters  being  made.  Starting  in 
1969  an  additional  37  stations  were  initiated,  including 
32  by  transfer  of  funds  from  the  U.S.G.S.  Considerable 
intensive  field  work  has  been  performed  recently  by  the 
FWPCA  in  specific  areas.  The  FWPCA  data  are  available 
through  the  computerized  ‘‘STORET”  storage  and  re- 
trieval system. 

The  State  Water  Pollution  Control  agencies  conduct 
intensive  individual  stream  investigations  and  surveil- 
lance programs  commonly  involving  50  to  100  sampling 
stations,  in  order  to  better  evaluate  quality  characteris- 
tics of  the  water  resources  of  those  basins.  In  addition, 
many  local  water  and  waste  water  treatment  facilities 
perform  stream  and/or  effluent  quality  analyses. 

In  spite  of  these  activities,  the  amount  of  data 
available  concerning  quality  of  surface  waters  in  the 
Missouri  River  Basin  is  somewhat  less  than  desirable. 
More  sampling  stations  and  a reliable  method  to  transmit 
the  available  data  arc  needed  to  provide  better  coverage. 
Records  at  existing  stations  are  not  available  for  a period 
long  enough  to  define  accurately  the  changing  quality  of 
water.  Data  concerning  the  biological  quality  of  surface 
waters  are  particularly  deficient. 


Ground  Water 

The  ground-water  resources  of  many  areas  in  the 
Missouri  Busin  have  been  inve.stigated  in  connection  with 
numerous  Federal  and  State  programs,  but  most  inves- 
tigations to  date  have  been,  in  large  part,  of  a recon- 
naissance nature  only.  Usually,  more  than  a cursory 
examination  of  chemical  quality  was  made  only  where 
the  groundwaters  involved  were  determined  to  be 
adequate  in  quantity  for  domestic  .supplies  or  irrigation. 
Often,  investigations  were  concerned  primarily  with  the 
quantitv  of  ground  water  available,  with  quality  a 
.sccondai)  consideration.  In  many  instances,  quality 
investigations  were  limited  to  determinations  of  specific 
conductance.  Generally,  investigations  for  determination 
of  changes  that  may  have  occurred  in  quality  since 
development  of  specific  ground-water  supplies  have  not 
been  made  unless  problems  developed  because  of  exces- 
sive pumping. 

Some  improvement  is  being  made  in  the  development 
of  data  on  water  quality.  For  the  most  part,  however, 
the  amount  of  data  cuncntly  available  concerning 
ground-water  quality  is  less  than  desirable. 


EXISTING  QUALITY  OF  SURFACE  WATER 

Presentation  of  Quality  Data 

The  vast  size  of  the  Missouri  Basin  and  the  con- 
sequent range  that  exists  in  the  parameters  of  water 
quality  make  impracticable,  within  the  space  limitations 
inherent  in  a report  appendix  of  this  nature,  a detailed 
presentation  of  all  of  the  available  data  concerning 
quality  of  surface  waters.  Basin-wide  graphic  presenta- 
tion of  data  pertaining  to  all  of  the  parameters  of 
surface-water  quality  is  impracticable  because  of  the 
limitations  that  exist  in  the  data  available.  Further,  some 
of  the  parameters  of  water  quality  are  primarily  of  local, 
rather  than  basin-wide,  significance.  Accordingly,  it  has 
been  concluded  that  map  presentation  of  data  on 
existing  surface-water  quality  should  be  limited  to  five 
parameters  of  basin-wide  significance,  two  primarily 
, indicators  of  the  suitability  of  water  for  irrigation  and 
other  three  primarily  indicators  of  the  suitability  of 
water  for  domestic  or  industrial  use.  Available  data 
concerning  other  parameters  of  surface-water  quality  are 
described  in  subsequent  text  discussion  of  surface-water 
quality  in  each  of  the  subbasins  into  which  the  Missouri 
Basin  was  divided  in  connection  with  the  comprehensive 
framework  study. 

BasihrWide  Maps  of  Surface-Water  Quality 

Basin-wide  maps  of  surface-water  quality  have  been 
prepared  for  the  parameters  of  total-dissolved-solids 
concentration,  specific  conductance,  sodium-adsorption 
ratio,  sulfates  concentration,  and  chlorides  concentra- 
tion. The  maps  arc  somewhat  generalized  and  in  small 
areas,  local  quality  characteristics  may  vary  slightly  from 
those  shown.  The  maps  are  described  in  greater  detail 
below. 

Plate  23  shows  total-dissolved-solids  concentrations  in 
surface  waters.  The  significance  of  total  dissolved  solids 
has  been  discussed  in  previous  paragraphs.  The  concen- 
tration of  total  dissolved  solids  is  one  indicator  of  the 
suitability  of  water  for  domestic  or  industrial  use.  It  is 
also  of  value  as  an  indicator  of  the  suitability  of  water 
for  irrigation  use. 

Plate  24  shows  the  specific  conductance  of  surface 
waters.  Specific  conductance  is  a measure  of  the  ability 
of  water  to  transmit  a small  electric  current.  The  more 
dissolved  solids  in  water  that  can  transmit  electric 
current,  the  greater  the  specific  conductance  of  the 
water.  Specific  conductance  is  approximately  propor- 
tional to  the  concentration  of  total  dissolved  solids  but 
varies  with  the  nature  of  the  dissolved  solids.  The  factor 
to  convert  specific  conductance  in  micromlios  to  total 
dissolved  solids  in  milligrams  per  liter  ranges  from  about 
0.50  to  about  1.00  for  ordinary  concentrations  of 


dissolved  solids.  Water  containing  mostly  bicarbonates  or 
chlorides  tends  toward  the  lower  factor  while  water 
containing  mostly  sulfates  or  ^ica  tends  toward  and 
sometimes  exceeds  the  upper  factor.  Data  concerning 
specific  conductance  is  most  useful  in  connection  with 
determination  of  the  suitability  of  water  for  irrigation. 
By  itself,  it  provides  an  approximation  of  the  concen- 
tration of  total  dissolved  solids.  When  the  concentration 
of  total  dissolved  solids  is  also  known,  specific  conduct- 
ance provides  a clue  to  the  nature  of  the  salts  involved. 

Plate  25  shows  the  sodium-adsorption  ratio  for 
surface  waters.  The  sodium-adsorption  ratio  expresses 
the  relative  activity  of  sodium  ions  in  exchange  reaction 
with  soil,  and  is  an  index  of  the  sodium  or  alkali  hazard 
to  soil  if  the  water  involved  is  used  for  irrigation.  Soils 
high  in  exchangeable  sodium  take  water  slowly,  crust 
when  dry,  become  sticky  when  wet,  and  are  generally 
undesirable  for  agriculture.  This  condition  can  be  devel- 
oped or  aggravated  by  irrigation  with  waters  having  a 
high  sodium-adsorption  ratio  and  can  be  prevented  or 
reversed  by  irrigation  with  waters  having  a low  sodium- 
adsorption  ratio,  in  judging  the  suitability  of  water 
for  irrigation,  the  sodium-adsorption  ratio  should  be 
used  in  conjunction  with  specific  conductance,  for  a 
higher  sodium-adsorption  ratio  is  tolerable  in  waters  with 
a low  specific  conductance  than  in  waters  with  a high 
specific  conductance. 

Plates  26  and  27  show  the  respective  sulfate  and 
chloride  concentrations  in  surface  wi  ,:s.  Aside  from 
the  significance  of  these  constituents  as  discussed  in 
previous  pafagrr  phs,  the  presence  of  one  or  both  is  an 
indicator  of  the  suitability  of  water  for  domestic  or 
industrial  use. 

Upper  Missouri  Subbasin 

The  headwaters  of  most  of  the  upper  Missouri  River 
tributaries  are  in  the  Rocky  Mountains.  The  streams 
originating  in  and  fiowing  through  the  mountainous  area 
generally  have  stable  fiows  .sustained  by  snowmelt  and, 
in  many  instances,  by  regulated  storage.  These  streams 
run  clear  except  during  spring  runoff  or  occasionai 
isolated  rainstorms.  Except  in  the  mountainous  areas, 
much  of  the  Upper  Missouri  Subbasin  is  semi-arid  with 
precipitation  usually  ranging  between  10  and  20  inches 
per  year,  much  of  it  falling  in  the  form  of  snow. 

Streams  in  the  mountainous  areas  tend  to  be  low  in 
dissolved  solids  and  relatively  free  of  mineral  salts.  The 
quality  of  surface  waters  is  generally  good  throughout 
the  subbasin.  Physical,  biological,  and  chemical  param- 
eters of  quality  are  generally  within  limits  which  make 
the  water  suitable  for  most  uses.  Most  of  the  area,  when 
judged  by  stream-bottom  organisms.  exhibit.s  favorable 
ecological  conditions.  Regulated  storage  has  greatly 
reduced  the  amount  of  natural  sediment  in  many 
.streams  of  the  subbasin. 
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Althou^  the  quality  of  surface  waters  is  feneraily 
good,  some  pollution  problems  do  exist,  both  localized 
and  basin-wide.  They  involve  the  undesirable  physio- 
logical effects  on  aquatic  life  and  the  aesthetic  degrada- 
tiori  which  result  from  oxygen  depletion,  turbidity,  and 
floating  solids  associated  with  municipal  wastes,  irriga- 
tion return  flows,  feedlot  runoff,  mining,  and  some 
other  industrial  activities.  Turbidity  problems  usually  are 
of  a temporary  nature,  with  the  streams  eventually 
returning  to  normal;  but  when  channels  are  dredged, 
unstable  conditions  may  persist  for  some  time. 

Pollution  problems  exist  as  a result  of  the  discharge 
of  inadequately  treated  municipal  and  industrial  organic 
wastes  in  the  Milk  River  below  Havre,  Chinook,  Harlem, 
and  Glasgow,  Mont;  in  the  Poplar  River  below  Scobey, 
Mont;  and  in  the  Gallatin  River  below  Bozeman,  Mont. 
Incieased  sediment  loads  and  increased  mineral  concen- 
trations resulting  from  irrigation  return  flows  are  indi- 
cated in  the  lower  Gallatin  River  arid  in  the  Milk  River. 
Excessive  turbidity  resulting  from  other  agricultural 
pi dCtices  Is  in  evidence  in  the  Sun  River.  The  Milk  River 
above  Chinook  is  only  one  illustration  of  undesirable 
stream  conditions  caused  by  runoff  from  cattle  feedlots. 

Yellowstone  Subbasin 

The  topography  of  the  Yellowstone  Subbasin  is 
characterized  by  inpuntain  ranges  and  rugged  hills.  Great 
variations  in  elevation  contribute  to  a substantial  range 
of  climatic  conditions.  In  the  upper,  or  mountainous, 
portions  of  the  subbasin,  streams  are  generally  cold, 
clear,  and  low  in  suspended  and  dissolved  solids.  After 
the  streams  emerge  from  the  mountainous  areas,  how- 
ever, they  flow  through  an  area  of  badiands  and  plains, 
the  waters  become  warmer  and  accumulate  greater 
quantities  of  suspended  and  dissolved  solids.  Erosion  Is 
active  here  because  the  limited  and  erratic  precipitation 
supports  only  a sparse  vegetative  cover  for  the  soils.  Soils 
derived  from  soft  sedimentary  lock  are  prevalent,  and 
they  contain  appreciable  .amounts  of  the  more  soluble 
mineral  salts,  particularly  sulfates  of  calcium,  magne- 
sium, potassium,  and  sodium.  Precipitation  and  applied 
irrigation  water  dissolve  these  salts,  and  runoff  and 
irrigation  return  flows  transport  them  to  the  stream 
channels. 

Dissolved  solids  concentrations,  however,  are  gener- 
ally within  a range  which  imposes  few  restrictions  on  use 
of  surface  waters.  Above  the  mouth  of  the  Bighorn 
River,  the  Yellowstone  River  has  a calcium-bicarbonate 
water  with  less  than  2.‘>0  milligrams  per  liter  of  dissolved 
solids.  The  Wind  River  has  a calcium-bicarbonate  water 
with  hw  concentrations  of  dissolved  solids  in  its  upper 
reaches;  but  farther  downstream,  this  changes  to  a 
calcium-sulfate  water  with  a greater  concentration  of 
dissolved  solids,  reaching  .^500  milligrams  per  liter  at 
Boy.sen  Dam.  Within  the  Bighorn  River,  the  water 


changes  to  a sodium-sulfate  type  and  the  dissolved-solids 
concentration  is  further  increased,  reach.ing  700  milli- 
grams per  liter  at  the  river’s  mouth.  Oownstfeahi  from 
the  mouth  of  the  Bighorn  River,  the  Yellowstone  River 
and  its  principal  tributaries  have  a sodium-sulfate  water 
with  total  dissolved  solids  in  the  2S0-S00  milligrams  per 
liter  range. 

Although  the  chemical  quality  of  the  surface  waters  is 
good  and  although  new  treatment  plants  now  control 
pollution  in  some  previous  problem  areas,  localized 
pollution  problems  still  exist.  Wastes  from  sugar  beet 
processing,  oil  refining,  and  meat  packing  have  adversely 
affected  reaches  of  the  Yellowstone  River  below' 
Livingston,  below'  Billings,  and  below  Sidney.  Monr. 
Packing-plant  wastes  at  Riverton  and  beet-refining  wastes 
below  Worland  have  adversely  affected  the  Bighorn 
River. 

Irrigation,  feedlots,  over-grazing  of  range  land,  and 
new  industrial  development  are  also  large  contributors  to 
stream  pollution  in  this  subbasin,  the  problems  involved 
are  complex  and  satisfactory  solutions  are  not  yet 
apparent. 

Western  Dakota  Subbasin 

The  Western  Dakota  Subbasin,  an  area  of  some 
50,000  square  miles,  is  drained  by  the  Little  Missouri, 
Cheyenne,  Grand,  and  White  Rivers  and  some  lesser 
streams.  Most  of  the  streams  rise  at  relatively  low' 
elevations.  Higli  flows  occur  when  the  plains  snow  melts 
during  the  spring  and  after  infrequent  periods  of 
excessive  rainfall  at  other  times.  Annual  precipitation 
averages  about  18  inches,  but  annual  runoff  averages  less 
than  I inch.  Except  in  the  Black  Hills  area,  most  streams 
are  intermittent.  They  traverse  areas  with  rocks  and  soils 
that  contain  many  soluble  salts.  Much  of  the  area  is 
readily  erodible,  and  sediment  concentrations  in  the 
subbasin  streams  are  comparatively  higli. 

Water  quality  in  most  of  the  streams  is  poor, 
primarily  because  of  the  natural  conditions  described. 
Salts  leached  from  the  land  cause  the  water  in  many  of 
the  subbasin  streams  to  be  highly  mineralized.  An 
exceptioii  is  the  Black  Hills  area,  where  the  natural 
chemical  quality  of  the  water  is  good  but  mining  and 
smelter  opcm.ions  have  seriously  degraded  the  natiiial 
quality  of  .some  streams. 

The  Little  Missouri.  Moreau,  and  Cheyenne  rivers  and 
the  upper  reaches  of  the  Heart,  Cannonball,  and  Grand 
rivers  have  sodium-sulfate  waters  with  total  dissolved 
solids  in  the  1, 000, to  2,000  milligrams  per  liter  range. 
The  Knife  River  and  the  lower  reaches  of  the  Heart. 
Cannonball,  and  Grand  rivers  have  dissolved  solids 
concentrations  in  the  500  to  1 ,000  milligrams  per  liter 
range. 

The  Cheyenne  River  traverses  a diversified  area 
suriounding  the  Black  Hills,  where  e.xpo.sed  rocks  bel-ing 
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to  tlie  Cretaceous  Age.  Total  dissolved  solids  range  from 
1 ,000  to  2,000  milligrams  per  liter  in  the  waters  of  the 
main  stem  and  lesser  tributaries  and  from  2,000  to  4,000 
milligrams  per  liter  in  the  Belle  Fourche  River,  principal 
tributary  of  the  Cheyenne  River,  where  the  water  is  of  a 
calcium-sulfate  type.  Ground-water  accretions  and 
runoff  from  the  shale  hills  contribute  to  the  mineraliza- 
tion where  the  Belle  Fourche  River  skirts  the  Wyoming 
extension  of  the  Black  Hills  downstream  from  Keyhole 
Dam.  Return  flows  from  irrigation  and  wastes  from 
mining  operations  contribute  highly  mineralized  water. 

Pollution  problems  caused  by  organic  loadings  are 
evident  or  are  suspected  in  the  Little  Missouri  River 
below  Marmarth,  N.  Dak.:  in  the  Belle  Fourche  River 
below  Spearfish.  Nisland,  Deadwood,  Lead,  and  Vale. 
S.  Dak.;  in  the  Cheyenne  River  below  Hot  .Springs, 
Custer,  and  Keystone,  S.  Dak.;  and  in  the  Wliite  River 
below  Harrison,  Ncbr. 

Waste  uischargcs  from  mining  and  processing  of  gold, 
uranium,  and  beryllium  in  the  Black  Hills  contribute 
additional  dissolved  solids  and  cause  color  and  turbidity, 
all  of  which  interfere  with  fish  propagation  and  ad- 
versely affect  the  aesthetic  quality  of  the  streams.  One 
stream  system  has  been  reduced  to  a virtual  biological 
desert  and  there  is  some  question  whether  parts  of  it  can 
ever  be  reclaimed.  Irrigation  return  Hows  have  become  a 
problem  in  some  areas  because  of  the  dissolved  .solids 
carried  by  return  flows  to  receiving  streams. 

Eastern  Dakota  Subbasin 

The  Eastern  Dakota  Subbasin  is  drained  by  the  James 
River,  the  Big  Sioux  River,  and  several  lesser  streams.  ln 
.some  of  the  area  drainage  is  poorly  developed.  Lakes, 
ponds,  and  marshes  are  common.  In  many  tributaries 
flows  are  intermittent  with  long  periods  of  little  or  no 
flow. 

Available  data  indicate  that  the  chemical  quality  of 
the  water  is  good  in  the  headwaters  reaches  of  the 
si  'ibasin  streams  but  becomes  of  poorer  quality  as  the 
waters  move  downstream.  The  James  River  and  the  Big 
Sioux  River  in  its  upper  reaches  have  a predominately 
sodium-calcium-bicarbonate  type  of  water  with  total 
dissolved  solids  in  the  250  to  500  milligrams  per  liter 
range.  In  the  lower  reaches  of  the  Big  Sioux  River  the 
watei  has  slightly  more  sulfate  than  bicarbonate,  and 
total  dissolved  solids  are  in  the  500  to  1 ,000  milligrams 
per  liter  range. 

The  bacterial  quality  of  the  surface  w'aters  in  this 
subbasin  is  generally  poor.  However,  there  are  lelatively 
few  restraints  on  usage.  Most  communities  and  rural 
homes  use  ground  water  for  their  water  supply.  Ground 
woier  is  usually  more  mineralized  but  of  better  physical 
and  bacterial  quality  tl;an  are  most  available  surface 
waters. 

The  high  bacteria!  densities  m surface  waters  are  doe 


to  the  generally  small  streamflow,  cattle  feeding  and 
pasturing  operations,  and  municipal  waste  discharges. 
Receiving  streams  generally  do  not  have  sustained  flows 
sufficient  to  properly  dilute  the  wastes  from  these 
operations.  The  situation  will  improve  with  provision  of 
higher  degrees  of  treatment  for  these  wastes.  It  is 
doub'ful,  however,  that  the  low.  erratic  streamflow  can 
adequately  assimilate  even  properly  treated  wastes. 

Localized  pollution  problems  exist  on  the  James 
River  below  Oakes  and  Ellendale,  N.  Dak.,  and  below 
Warner,  Brentford,  Melette,  Ashton,  Frankfort,  Dolan, 
Artesian,  Mount  Vernon,  Mitchell,  Bridgewater,  Menno, 
and  Lesterville,  S.  Dak.;  and  on  the  Big  Sioux  River 
below  Watertown,  Flandreau,  Colman.  Dell  Rapids, 
Sioux  Falls,  Corson,  and  Hudson,  S.  Dak.,  and  below 
Hawarden,  Akron,  Doon,  Ashton,  George,  and  Sibley, 
la.  Treated  organic  wastes  discharged  from  packing 
plants  on  the  Big  Sioux  River  result  in  the  principal 
industrial  pollution  problem  in  the  subbasin. 

Platte-Niobrara  Subbasin 

The  Platte  and  Nioi>rara  rivers  drain  an  area  of  about 
102,000  square  miicj  in  Co'orado,  Wyoming,  South 
Dakota,  and  Nebraska.  Tb?  subhasin  ’.icludes  portions  of 
the  eastern  slope  aiid  foothills  of  the  Rocky  Mountains, 
the  high  plains,  the  Sand  Kills  of  northern:Nebraska,  and 
the  broad,  flat  valleys  of  the  Great  Plains  rising  to  gently 
sloping  uplands.  About  two-thirds  of  the  land  in  this 
subbasin  is  classified  as  pasture  and  range  land;  about  29 
percent  is  cropland. 

One  of  the  major  problems  of  the  subbasin  is  the 
imbalance  in  distribution  of  precipitation  and  runoff. 
Except  for  the  high-mountain  areas,  the  western  portion 
of  the  subbasin  has  very  deficient  rainfall.  Ground  water 
is  heavily  relied  upon  for  municipal,  industrial,  and 
tigricullural  water  supplies. 

The  chemical  qt.ality  of  surface  waters  in  the  sub- 
basin is  generally  good.  Successive  reuse  for  irrigation, 
however,  may  present  problems  in  some  areas.  Increasing 
use  of  fertilizers  has  caused  appreciable  concentrations 
of  inorganic  plant  foods  in  the  streams  and  impound- 
ments of  the  middle  and  lower  portions  of  the  .subbasin. 
High  bacterial  densities  and  severe  oxygen  depletion  are 
widespread. 

The  headwaters  of  the  North  Platte  River  system 
generally  have  a calcium-carbonate  water  with  total 
dissolved  solids  of  less  than  250  milligrams  per  liter.  An 
increase  in  sulfate  is  caused  by  return  flows  from 
irrigation  in  the  North  Park  area  of  Colorado  and  the 
area  in  Wyoming  upstream  from  Seminoe  Reservoir. 
Additional  sulfate  is  contributed  by  return  flows  from 
the  irrigated  area  downstream  from  Alcova  Reservoir. 
Precipitation  of  bicarbonate  occurs  in  the  Seminoe, 
PathiTnder,  and  Alcova  reservoirs.  Analyses  at  Capser, 
Wyo.,  show  a preponderance  of  calcium  sulfate,  with 
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total  dissolved  solids  near  400  milligrams  per  liter. 
Mineraliuition  is  increaud  again  by  return  flows  from 
irrigated  lands  below  Guernsey  Reservoir  in  the 
Wlieatland-Torrington-Scottsbluff  area.  Calcium  and 
sodium  sulfates  are  the  principal  salts,  and  the  total- 
dissolved-solids  concentration  is  in  the  250  to  1,000 
milligrams  per  liter  range. 

Higli  concentrations  of  dissolved  solids  exist  in  several 
tributaries  of  the  North  Platte  River  above  Casper.  These 
are  Medicine  Bow  River,  Bates  Creek,  Poison  Spider 
Creek,  Oregon  Trail  Drain,  and  Casper  Creek.  Tributary 
flows  are  generally  of  better  mineral  quality  downstream 
from  Casper.  Although  there  is  appreciable  seasonal 
variation,  salinity  generally  is  relatively  low. 

The  North  Platte  River  is  substantially  free  of 
oxygen-consuming  wastes  above  Casper,  Wyo.,  and  is  in 
good  condition  from  this  standpoint  as  far  downstream 
as  Torrington,  Wyo.  The  Laramie  River,  a tributary  of 
the  North  Platte  River,  experiences  oxygen  depletion  at 
times  of  low  flow  because  of  effluent  from  the  oxidation 
ponds  at  Laramie.  Below  Torrington,  poultry  and  meat 
packers,  mining  industry,  sugar  mills,  and  several  com- 
munities discharge  inadequately  treated  wastes  into  the 
North  Platte  River,  which  adversely  affects  water 
quality. 

Headwaters  of  the  South  Platte  River  in  Colorado 
have  a comparatively  low  mineral  content  of  the 
calcium-bicarbonatc  type.  Below  Denver,  with  irriga- 
tion return  flows  from  the  Longmont-Fort  Collins 
Greeley  area,  the  water  of  the  South  Platte  River 
changes  to  a sulfate  type  and  total  dissolved  solids 
increase  to  a concentration  in  the  1,000  to  2,000 
milligrams  per  liter  range.  Downstream  from  Greeley, 
irrigation  return  flows  further  increase  this  mineral- 
ization. At  Julesburg,  Colo.,  the  lotal-dissolved-solids 
concentration  averages  about  1 ,500  milligrams  per  liter 
with  a predominance  of  calcium  and  sodium  sulfate. 

The  South  Platte  River  below  Denver  and  several  of 
its  major  tributaries,  including  the  Cache  la  Poudre 
Rivci,  the  Big  Thompson  River,  St.  Vrain  Creek,  and 
Boulder  Creek,  sometimes  contain  little  or  no  dissolved 
oxygen.  The  pollution  effects  of  wastes  from  municipal 
sewers  and  sugar  beet  refineries  exceed  the  assimilation 
capacities  of  the  streams,  and  the  oxygen  reserves  are 
sometimes  exhausted,  to  the  detriment  of  fish  and  other 
aquatic  life. 

Severe  bacterial  pollution  also  exists  in  the  South 
Platte  River  and  in  many  of  its  tributaries  below  Denver. 
In  the  upper  reaches  of  these  streams,  uncontroiicd  or 
untreated  wastes  from  many  resort  areas  are  discharged. 
In  mctiopolitan  Denver,  the  large  population  and  many 
industries  contribute  to  the  bacterial  concentration. 
Below  Denver,  runoff  from  agricultural  land  and  feedlots 
together  with  effluent'  from  sugar-beet  refineries,  meat- 
packing plants,  and  fruit  and  vegetable  canneries  add  to 
the  bacterial  loading.  Coliform  densities  greatly  exceed 


all  commonly  accepted  standards  for  recreational  use  of 
water. 

Sludge  deposits  formed  froii  ttleable  solids  in  the 
South  Platte  River  have  dest.,  i desirable  aquatic 
plants  and  animals.  They  also  ..  .erfere  with  develop- 
ment or  use  of  riverside  recreational  areas.  Pollution  in 
the  South  Platte  River  also  has  affected  shallo’-'.ground- 
water  supplies  and  thus  created  a hazard  to  public 
health. 

Downstream  from  the  junction  of  the  North  Platte 
and  South  Platte  rivers,  the  main  stem  of  the  Platte 
River  has  water  of  a calcium-sodium-sulfate  type  with 
total-dissolved-solids  concentrations  in  the  250  to  500 
milligrams  per  liter  range.  Between  Lexington  and 
Columbus,  Nebr.,  the  concentration  increases  to  the  500 
to  1 ,000  milligrams  per  liter  range.  Below  the  mouth  of 
the  Loup  River  near  Columbus,  after  dilution  by  the  less 
higlily  mineralized  waters  of  the  Loup  River,  the 
total-dissolved-solids  concentration  drops  again  to  the 
250  to  500  milligrams  per  liter  range. 

Bacterial  pollution  exists  in  the  main  stem  of  the 
Platte  River  throughout  its  length  because  .of  municipal 
and  industrial  wastes  and  runoff  from  cattle  feedlots. 
Some  progress  has  been  made  in  the  construction  of 
remedial  works  and  improvement  of  industrial  opera- 
tions, but  much  remains  to  be  accomplished  before 
suitable  bacterial  quality  can  be  achieved. 

The  Loup  and  Elkhorn  river  systems,  both  tributary 
to  the  Platte  River  in  Nebraska,  discharge  water  of  a 
calcium-bicarbonate  type  with  concentrations  of  total 
dissolved  .solids  less  than  250  milligrams  per  liter. 
Pollution  in  these  river  systems  has  caused  depletion  of 
dissolved  oxygen,  high  bacterial  densities,  and  deposits 
which  have  resulted  in  deterioration  of  aesthetic  values 
along  the  streams. 

The  Niobrara  River  also  discharges  a calcium- 
bicarbonatc  type  of  watei  with  a concentration  of  total 
dissolved  solids  less  than  250  milligrams  per  liter.  The 
entire  Niobrara  River  Basin  is  a rural  area  without  large 
tow'iis  or  large  industrial  operations.  In  1967,  only  five 
towns  with  populations  between  500  and  3,000  dis- 
charged effluent  from  primary  treatment  plants  to  the 
river.  Only  two  small  industrial  plants  were  without 
waste  treatment.  Pollution  through  runoff  from  grazing 
lands  and  cultivated  lands  is  not  severe.  Pollution  levels 
in  the  streams  of  this  river  basin  accordingly  are  low. 
The  upper  portion  of  the  Niobrara  River  in  Nebraska  is 
designated  as  a trout  stream. 

Middle  Missouri  Subbasin 

Cropland  accounts  for  more  than  three-fourths  of  the 
land  use  in  the  Middle  Missouri  Subbasin.  Most  of  the 
sireams  are  comparatively  small,  many  arc  intermittent, 
and  water  shortages  are  common. 

The  chemical  quality  of  the  subbasin  streams  has  not 
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been  surveyed  extensively.  Because  the  streams  drain 
agricultural  areas  primarily,  it  is  possible  that  runoff 
could  cause  high  concentrations  of  nitrates,  phosphates, 
and  insecticides.  Normally,  however,  the  concentrations 
of  inorganic  salts  are  considered  to  be  low. 

All  of  the  subbasin  streams  carry  heavy  loads  of 
suspended  sediment,  and  turbidity  is  high  most  of  the 
time.  Ail  have  experienced  undesirably  low  levels  of 
dissolved  oxygen  as  the  result  of  inadequately  treated 
wastes,  low  flows,  and  warm  water  temperatures.  Lx>w 
dissolved-oxygen  levels  also  are  experienced  after  heavy 
runoff  has  produced  high  levels  of  stream  turbidity. 

Kansas  Subbasin 

The  Kansas  Subbasin  covers  an  area  of  about  60,000 
square  miles.  About  60  percent  is  in  northern  Kansas, 
about  24  percent  is  in  southern  Nebraska,  and  about  16 
percent  is  in  northeastern  Colorado.  Most  of  the 
subbasin  .nea  is  devoted  to  agriculture.  There  is  sub- 
stantial indu'trial  development,  however,  in  the  lower 
part  of  the  subbasin. 

The  quality  of  surface  waters  in  the  subbasin  is 
affected  by  mineral  constituents  which  are  of  natural, 
industrial,  and  agricultural  origin  and  by  organic  wastes 
of  both  municipal  and  industrial  origin.  The  basin 
landscape  is  largely  the  product  of  geologic  processes, 
and  the  natural  mineral  constituents  of  surface  waters 
are  closely  related  to  the  subbasin’s  geology.  The  Kansas 
River  Basin  can  be  divided  into  four  general  geologic 
regions  for  purposes  of  characterization  of  surface-water 
quality. 

Quaternary  deposits  form  the  surface  in  much  of  the 
basin.  Tlic  Pleistocene  loess  and  the  soils  of  the 
Quaternary  system  developed  on  the  loess  are  primarily 
calcareous,  anti  they  supply  much  of  the  calcium 
hicatbonatc  that  is  found  in  surface  runoff.  Alluvium 
md  terrace  deposits  arc  relatively  small  in  quantity,  and 
ti.cir  effect  on  the  composition  of  surface  waters, 
therefore,  is  probably  slight. 

Rocks  of  the  Tertiary  system  arc  found  primarily  in 
the  western  third  of  the  basin.  Water  draining  areas 
where  the  Ogallala  formation  of  the  Tertiary  system  is 
exposed  is  relatively  high  in  silica  and  is  of  the 
calcunn-bicarbonate  type.  Since  streamflow  is  main- 
tained almost  entirely  by  direct  runoff,  it  is  of  low 
mineralization. 

Rocks  of  Cretaceous  age  predominate  in  the  middle 
third  of  the  basin.  A signitlcant  stratigraphic  unit  in  this 
area  is  the  Dakota  Formation,  which  contains  zones  of  a 
higlily  .saline  nature.  Drainage  from  the  Dakota  Forma- 
tion probably  supplies  most  of  the  dissolved  solids, 
particularly  chlorides,  appearing  in  the  lower  reaches  of 
the  .Solomon,  Saline,  and  Smoky  Hill  rivers. 

Surface  rocks  of  the  west  half  of  the  eastern  third  of 
the  basin  are  primarily  of  Permian  age.  They  include  a 


series  of  shales,  limestones,  and  sandstones,  all  of  which 
contain  relatively  large  amount  of  gypsum.  This  region 
contributes  significant  amounts  of  calcium,  sulfate,  and 
carbonate  and  some  chloride  to  the  tributary  river 
systems. 

Surface  rocks  in  the  easternmost  portion  of  the  basin 
are  primarily  of  Pennsylvanian  age,  but  there  are  fewer 
bedrock  outcrops  north  of  the  Kansas  River  because  of 
loess  deposits  and  because  of  the  till  mantle  left  by 
quaternary  glaciation.  Significant  amounts  of  calcium 
and  carbonate  enter  the  tributary  river  systems  in  this 
area.  Relatively  little  chloride  originates  here. 

The  surface  exposures  of  the  various  geological 
formations  run  north  and  south,  while  most  of  the  basin 
streams  flow  in  an  easterly  direction.  Accordingly,  as  the 
streams  receive  runoff  from  the  successive  formations 
they  traverse,  the  chemical  quality  of  their  water 
changes. 

In  the  extreme  western  portions  of  the  Saline, 
Solomon,  and  Smoky  Hill  rivers,  where  runoff  is  from 
areas  of  Tertiary  and  Pleistocene  deposits,  waters  are 
bicarbonate  in  character  and  of  good  quality  except  that 
they  are  usually  very  hard.  The  concentration  of  total 
dissolved  solids  generally  ranges  from  250  to  500 
milligrams  per  liter.  In  the  Smoky  Hill  River  drainage 
west  of  Cedar  Bluff  Reservoir,  calcium-sulfate  water  is 
encountered,  probably  derived  from  sulfurous  concre- 
tions where  the  stream  channels  are  cut  into  bedrock. 
Eastward  of  Cedar  Bluff  Reservoir  on  the  Smoky  Hill 
River  and  Webster  and  Kirwin  reservoirs  in  the  Solomon 
River  Basin,  the  common  minerals  encountered  in 
surface  waters  are  calcium,  magnesium,  sulfate,  and 
chloride.  In  the  lower  reaches  of  the  Smoky  Hill,  Saline, 
and  Solomon  rivers,  the  Dakota  Sandstone  is  a principal 
contributor  of  dissolved  minerals,  mainly  sodium  and 
chloride.  Surface  waters  here  are  highly  mineralized 
during  periods  of  low  flow,  with  concentrations  of  total 
dissolved  solids  ranging  from  1,000  to  2,000  milligrams 
per  liter.  Water  quality  in  the  lower  Smoky  Hill  River 
Basin  will  be  influenced  in  the  future  by  operation  of 
Glen  Elder,  Wilson,  and  Kanopolis  reservoirs  and  by 
irrigation  development  below  these  reservoirs. 

The  Republican  River  and  the  Big  Blue  River  now 
have  water  low  in  mineralization,  with  the  concentration 
of  total  dissolved  solids  generally  below  500  milligrams 
per  liter,  and  classified  as  of  exccllent  chemical  quality. 
Extensive  irrigation  development  in  the  basins  of  both 
streams  may  effect  marked  changes  in  the  chemical 
quality  of  these  waters  in  the  future. 

The  effect  of  the  Dakota  Formation  on  the  chemical 
composition  of  sireamflows  is  also  apparent  in  the 
Kansas  River.  Higher  precipitation  and  runoff  in  the 
lower  Kansas  Subbasin  and  the  better  quality  of  the 
lower  subbasin  tributaries  result  in  good  chemical 
quality  in  the  Kansas  River.  At  the  mouth  of  the  Kansas 
River,  the  water  is  of  a calcium-bicarbonate  type  with  a 


prevalent  concentration  of  total  dt^''2lved  solids  near 
300  milligrams  per  liter.  On  occasion,  however,  the 
concentrations  may  fluctuate  as  much  as  100  to  400 
milligrams  per  liter  above  this  prevalent  value. 

Future  problems  of  high  mineralization  in  the  Kansas 
River  may  occur,  primarily  as  the  result  of  inflow  from 
the  Smoky  Hill  and  Saline  rivers.  Industrial  wastes  also 
will  increase  mineral  concentrations  in  this  stream. 

Livestock  wastes,  silt,  nutrients,  pesticides,. and  the 
waste  products  of  man’s  activities  also  affect  water 
quality  in  this  subbasin.  Some  (owns  and  cities  provide 
inadequate  treatment  for  sanitary  sewage.  In  Kansas, 
however,  the  state  plan  for  water  quality  control  and 
pollution  abatement  calls  for  correction  of  these  .situa- 
tions by  1971.  Pollution  by  industrial  wastes  should  be 
under  control  by  1972,  by  which  time  most  of  such 
wastes  are  scheduled  to  be  treated  in  municipal  treat- 
ment plants  or  in  plants  constructed  especially  to  handle 
these  specific  wastes. 

Lower  Missouri  Subbasin 

Streams  in  the  Lower  Missouri  Subbasin  drain  an  area 
of  about  43,400  square  miles,  of  which  about  84  percent 
is  in  Missouri,  about  10  percent  is  m Kansas,  and  about  6 
percent  is  in  Iowa.  The  Missouri  River  flows  eastward 
through  tlte  middle  of  the  subbasin,  from  Kansas  City  to 
St.  Louis,  Mo.  The  major  tributaries  in  this  subbasin  are 
the  Grand  and  the  Chariton  rivers  north  of  the  Missouri 
River  and  the  Osage-Marais  de  Cygnes  and  Gasconade 
rivers  south  of  the  Missouri  River. 

Little  is  known  about  the  chemical  quality  of 
streamflow  in  the  Grand,  Osage,  and  Gasconade  rivers. 
Waters  in  these  streams  arc  of  a calcium-bicarbonate 
type  with  concentrations  of  total  dissolved  solids  aver- 
aging less  than  250  milligrams  per  liter.  In  the  Little 
Chariton  River,  calcium  sulfate  is  dominant  and  the 
concentration  of  total  dissolved  .solids  is  about  1 ,000 
milligrams  per  liter. 

Throughout  the  subbasin,  overland  runoff  contributes 
large  amounts  of  silt  and  organic  material  to  the  streams. 
Most  communities  provide  good  secondary  treatment  of 
municipal  wa.stes,  but  base-flow  characteristics  of  the 
streams  are  such  that  fiows  generally  arc  inadequate  to 
assimilate  the  treated  wastes  without  quality  degrada- 
tion. In  several  reaches  of  the  Osage-Marais  de  Cygnes. 
Grand,  Chariton,  and  Blue  rivers,  dissoivcd-oxygen  levels 
during  periods  of  low  flow  drop  below  values  desirable 
for  propagation  of  aquatic  life. 

Bacterial  contamination  of  the  subbasin  streams  has 
not  been  fully  evaluated.  Many  streams,  however,  have 
high  concentrations  of  coliform  organisms,  and  localized 
problems  occur  in  recreational  areas  on  the  Lake  of  the 
Ozarks.  all  of  which  represent  potential  hazards  to 
public  health. 


Missouri  River  Main  Stem 

The  headwaters  of  the  Missouri  River  tend  to  be  iow 
in  dissolved  solids  and  relatively  free  of  mineral  salts.  As 
a result,  water  in  the  main  stem  of  the  Missouri  River  in 
its  extreme  upper  reaches  rarely  exceeds  500  milligrams 
per  liter  in  dissolved  solids.  It  is  of  a calcium-bicarbonate 
type.  Below  Fort  Peck  Reservoir,  it  changes  to  a 
calcium-bicarbonate-sulfatc  type,  reflecting  the  geology 
and  arid  climate  of  the  intervening  tributary  area  and  the 
precipitation  of  some  of  the  calcium  bicarbonate  in  (he 
Fort  Peck  Reservoir.  Chemical  quality  is  generally  good 
in  the  remainder  of  the  river. 

Pollution  problems  exist  in  the  Missouri  River,  as  a 
result  of  the  discharge  of  inadequately  treated  municipal 
and  industrial  organic  wastes  below  all  large  commu- 
nities. The  problem  is  particularly  acute  below  Great 
Falls,  Mont.,  Sioux  City,  la.,  Omaha,  Nebr..  St.  Joseph, 
Mo.,  and  Kansas  City.  Mo.  This  pollution  reduces 
recreational  and  aesthetic  values  of  the  stream,  and 
interferes  with  some  aspects  of  commercial  fishing. 

Sporadic  taste  and  odor  problems  exist  in  the 
Mis-soiiri  River  between  Siou.x  City,  la.,  and  the  mouth 
near  St.  Louis,  Mo.  The  causes  of  these  problems  have 
not  been  fully  determined. 

The  Missouri  River  between  Sioux  City.  la.,  and 
Kansas  City,  Mo.,  is  extremely  high  in  coliform  densities. 
This  seems  to  be  related  primarily  to  overland  runoff 
rather  than  waste  discharges.  However,  municipal  wastes 
are  definitely  a contributing  factor  to  high  bacterial 
concentrations  below  Sioux  City,  la.,  Omaha.  Nebr.,  St. 
Joseph.  Mo.,  and  Kansas  City,  Mo, 

Low  dissolved-o.xygen  levels  are  .sometimes  experi- 
enced in  the  middle  Missouri  River  following  rainstorms 
when  heavy  runoff  causes  major  increases  in  turbidity. 
The  depressed  levels  do  not  persist  throughout  the 
subsequent  rise  in  streamflow,  o.xygen  levels  quickly 
return  to  normal,  and  they  tend  to  approach  the 
saturation  point.  Uvidence  indicates  that  these  oxygen 
deficiencie.s  arc  the  result  of  organic  loadings  equal  to 
between  20  and  30  times  the  known  municipal  and 
industrial  loads,  and  that  overland  runoff  is  primarily 
responsible. 


EXISTING  QUALITY  OF  GROUND  WATER 
Presentation  of  Quality  Data 

The  vast  size  of  the  Missouri  Basin  and  the  con- 
sequent range  that  exists  in  the  parameters  of  water 
quality  also  make  impracticable  a detailed  presentation 
of  all  of  the  available  data  conce-nmg  quality  of  ground 
water.  It  has  been  concluded  that  basmwide  graphic 
presentation  of  data  on  existing  ground-water  quality 
should  be  limited  to  the  .same  five  parameters  that  were 
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used.for  graphic  presentation  of  surface-water  quality.  In 
addition,  there  is  included  a discussion  of  the  signifi- 
cance of  geology  to  the  quality  of  ground  water  and  a 
description  of  some  of  the  ground-water  problems 
encountered  in  the  Missouri  River  Basin. 

Significance  of  Geology  to  the  Chemical  Quality 
of  Ground  Water 

Ground  water  in  the  Missouri  River  Basin  varies  in 
quality.  Although  nearly  all  geologic  formations  yield 
some  water,  relatively  few  yield  water  of  good  quality  in 
large  quantities. 

The  chemical  quality  of  water  from  metamorphic  and 
igneous  rocks  is  generally  very  good.  Exceptions  exist 
where  salts  have  been  concentrated  in  recharge  water  by 
evaporation  and  where  connate  water  has  migrated  into 
fractures  in  the  rocks. 

Water  recovered  from  sedihientary  rocks  varies  in 
chemical  quality  between  the  saturated  brines  found  in 
some  deeply  buried  marine  rocks  to  water  with  total- 
dissolved-solids  concentrations  less  than  100  milligrams 
per  liter  found  in  certain  limestones  and  near-surface 
sandstones.  Considering  all  the  water  in  sedimentary 
deposits,  brine  and  other  saline  waters  are  far  more 
abundant  than  fresh  water.  In  general,  salinity  increases 
with  depth. 

Aeolian  deposits  are  commonly  composed  of  rela- 
tively inert  minerals  which  have  little  effect  on  the 
chemical  character  of  infiltrating  water.  As  a conse- 
quence, most  ground  water  originating  in  dune  sand  is  of 
good  quality.  Water  originating  in  loess  is  somewhat 
more  mineralized  since  calcium  carbonate  usually  is 
present  in  loess  below  the  zone  of  weathering. 

Chemical  quality  of  water  from  glacial  deposits  varies. 
In  those  deposits  o/erlain  by  thick  beds  of  glacial  till, 
ground  water  is  almost  stagnant  and  may  contain 
appreciable  amounts  of  dissolved  material  from  under- 
lying marine  deposits.  Where  glacial  deposits  are  subject 
to  circulation,  however,  the  quality  of  ground  water  is 
generally  good. 

Ground  water  in  most  valley  alluvium  is  derived  from 
local  recharge  and  from  lateral  inflow  from  nearby 
streams  and  aquifers.  The  chemical  quality  of  ground 
water  in  the  alluvium  is  controlled  to  a large  e.xtent  by 
vegetation  culture  and  rock  types  on  the  valley  floor  and 
along  side  streams.  The  alluvium  along  many  .streams 
contains  ground  water  with  relatively  high  concentra- 
tions of  sulfate  derived  from  nearby  rocks  that  are  rich 
in  gypsum.  Where  ground  water  use  is  high  and  alluvium 
aquifers  are  subject  to  recharge  from  streams,  ground- 
water quality  is  controlled  in  part  by  the  quality  of  the 
water  in  the  stream. 

The  effects  of  irrigation  on  quality  of  ground  water 
vary  widely,  depending  upon  the  amount  of  return  flow, 
.soil  conditions,  and  the  initial  concentrations  of  dis- 
solved minerals  in  the  applied  water.  It  also  depends 


upon  the  ratio  between  the  amount  of  return  flow  that 
enters  the  ground  and  the  amount  that  discharges  into 
surface  streams. 

Salts  contained  in  water  applied  for  irrigation  are  not 
removed  by  the  soil  or  the  growing  plants.  Generally,  the 
return  fibws  from  irrigation  carry  to  the  surface  streams 
or  to  ground  water  most  of  the  dissolved  minerals 
contained  in  the  applied  water  plus  additional  minerals 
leached  from  the  soils  through  which  the  irrigation 
waters  have  passed. 

Bmn-Wkle  Maps  of  Ground-Water  Quality 

Basin-wide  maps  of  ground-water  quality  have  been 
prepared  for  the  parameters  of  totai-dissolved-soiids 
concentration,  specific  conductance,  sodium-adsorption 
ratio,  sulfates  concentration,  and  chlorides  concentra- 
tion. These  parameters  have  the  same  significance  in 
connection  with  ground  water  as  was  previously  des- 
cribed in  connection  with  surface  waters.  Data  on  these 
maps  are  limited  to  areas  where  properly  located  and 
properly  constructed  wells  are  capable  of  yielding  300 
gallons  or  more  of  water  per  minute.  The  maps  are 
described  in  greater  detail  belov/. 

Plate  28  shows  total-dissolved-soiids  concentrations  in 
ground  waters.  These  concentrations  vary  from  less  than 
250  to  more  than  4,000  milligrams  per  liter. 

Plate  29  shows  the  specific  conductance  of  ground 
waters.  Specific  conductance  ranges  from  less  than  500 
to  more  than  4,000  micromhos,  a range  somewhat 
parallel,  as  might  be  expected,  to  the  range  of  total 
dissolved  solids. 

Plate  .30  shows  the  sodium-adsorption  ratio  for 
ground  waters.  It  ranges  from  less  than  three  for  most  of 
the  basin  to  more  than  ten  in  only  three  small  areas. 
Water  with  a sodium-adsorption  ratio  of  ten  or  less  is 
considered  to  have  a low  sodium  hazard.  With  the 
exception  of  the  three  small  areas  mentioned,  therefore, 
ground  water  in  the  basin  has  a low  sodium  hazard. 

Plate  31  shows  the  sulfate  concentration  in  ground 
waters.  It  varies  from  less  than  250  to  more  than  1 .000 
milligrams  per  liter.  A large  part  of  the  basin,  however, 
has  ground  water  with  sulfate  concentrations  less  than 
500  milligrams  per  liter.  It  will  be  noted  from  compari- 
son with  plate  28  that  total-dissolved-solids  concentra- 
tions are  shown  in  some  areas  where  sulfate 
concentrations  are  not  .shown.  This  is  because  some 
analyses  of  ground  water  were  limited  to  measurement 
of  total  dissolved  solids  and  did  not  include  measure- 
ment of  individual  ions. 

Plate  32  shows  the  chloride  concentration  in  ground 
waters.  Chloride  in  ground  water  is  generally  low 
throughout  the  basin,  ranging  from  less  than  150 
milligrams  per  liter  in  most  of  the  basin’s  ground  water 
to  more  than  600  milligrams  per  liter  in  only  a few  small 
areas.  The  bulk  of  the  water  has  a chloride  concentration 
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well  below  250  milligrams  per  liter.  As  previously 
e.xplained  in  connection  with  sulfates,  chloride  concen- 
traiions  are  not  shown  for  some  areas  where  total- 
dissolved-solids  concentrations  were  shown. 

Local  Ground-Water  Problems 

The  following  examples  illustrate  some  local  prob- 
lems with  ground-water  supplies  in  the  Missouri  Basin.  In 
some  cases,  they  may  be  typical  of  other  similar  small 
areas,  while  in  other  cases  they  may  be  unique.  They  do 
not  cover  all  of  the  varied  local  ground-water  problems 
in  the  basin. 

In  the  Eastern  Dakota  Subbasiu,  where  most  commu- 
nities and  rural  homes  use  ground  water  as  a source  of 
domestic  supply,  high  fluoride  content  exists  in  some 
localities  and  nitrates  are  above  the  levels  recommended 
for  use.  Webster,  S.  Dak.,  in  this  subbasin,  has  been 


selected  by  the  Office  of  Saline  Water  as  the  site  for  a 
pilot  plant  to  evaluate  the  performance  of  the  electro- 
dialysis process  in  treating  hard,  high  sulfate,  brackish 
water. 

Well  water  at  Eagle  Butte  in  western  South  Dakota  is 
higlily  minerali/ed.  It  is  also  quite  hot. 

The  shallow  valley-fill  aquifer  along  the  South  Platte 
River  betweett  Denver  and  the  downstream  town  of 
Brighton.  Colo.,  contains  over  1 .000  wells  for  public  and. 
private  water  supply  and  irrigation.  Withdrawals  from 
the  aquiter  are  balanced  by  recharge  directly  from  the 
South  Platte  River  and  by  waters  diverted  from  the  river 
for  irrigation.  Much  of  the  aquifer  has  become  contami- 
nated with  sewage  containing  detergents.  Local  areas 
have  been  contaminated  by  hydrocarbons,  pesticides, 
herbicides,  and  other  chemicals.  Defective  deep  wells 
may  permit  the  contamination  of  deeper  aquifers  which 
are  now  considered  potable. 


CHAPTER  9 


HYDROLOGIC  ANALYSES  OF 
POTENTIAL  FRAMEWORK  PLANS 
FOR  1980,  2000,  AND  2020 


SCOPE  OF  ANALYSIS 

Potential  framework  plans  for  each  of  the  eight 
Missouri  River  subbasins  were  reviewed  by  the  Work 
Group  on  Hydrologic  Arialyses  and  Projections  to 
ascertain  that  the  potential  developments  were  con- 
sistent with  the  surface-water  and  ground-water  re- 
sources available  in  each  subbasin,  to  estimate  the  effect 
of  the  potential  developments  on  the  available  water 
supply,  and  to  compile  estimates  of  \vater  depletion,  by 
type  of  water  use,  attributable  to  the  potential  develop- 
ments. Clo.se  coordination  was  maintained  during  this 
review  with  the  Work  Group  on  Water  and  Related  Land 
Resources  Development  so  that  adjustments  ituplanned 
developments  and  depletion  estimates  could  be  effected 
as  necessary. 

In  comparing  water  availability  with  requirements  of 
the  potential  developments,  it  has  been  assumed  that 
future  water  supplies  would  be  increased  to  some  extent 
througli  precipitation  matiagement,  improvements  in 
forestry  management,  and  importations  to  the  basin,  and 
decreased  through  exportations  from  the  basin.  Con- 
sideration was  given  also  to  a possible  further  increase  in 
water  supplies  through  evaporation-reduction  operations 
on  lakes  and  reservoir  surfaces,  but  no  specific  increase 
in  water  supply  from  this  source  has  been  assumed. 
These  sources  of  additional  water  supply  are  discussed 
later  in  this  chapter. 

Results  of  the  hydrologic  analyses  are  presented  in 
subsequent  brief  discussions,  separately  for  each  sub- 
basin, of  the  adequacy  of  available  supplies  to  meet  the 
water  requirements  of  the  framework  plans  and  in  a 
scries  of  tables  showing,  for  each  subbasin  and  for  the 
Missouri  Basin  as  a whole,  estimated  depictions  attrib- 
utable to  the  framework  platis.  The  hydrologic  analyses 
included  studtes  of  the  effect  of  the  fnynework  plans  on 
water  quality.  The  results  of  the  quality  studies,  how- 
ever. are  included  m the  Appendix  by  the  Work  Group 
on  Plan  of  Development  and  Man.igeineiit  of  Water  and 
Related  Land  Resources. 


WEATHER  MODIFICATION 
Status 

Recent  scientific  and  technical  advances  in  weather 
modification  have  been  so  significant  that  weather 
elements  no  longer  should  be  regarded  as  entirely 
uncontrollable  inputs  into  engineering,  agricultural,  and 
economic  activities.  In  the  words  of  Dr.  Earl  G. 
Droessler,  National  Science  Foundation:  “Weather  modi- 
fication can  never  again  be  approached  only  as  a 
scientific  problem  * * *.  It  is  now,  and  will  be  in  the 
future,  an  element  in  the  resources  planning  of  the 
nation  and  the  world.” 

Research  is  actively  underway  in  the  Missouri  Basin 
to  develop  methods  for  beneficial  modification  of  three 
weather  elements  important  to  the  region’s  economy. 
These  elements  are  snow,  rain,  and  hail.  Liglitning 
suppression  by  weather  modification,  in  the  interest  of 
forest-fire  prevention,  is  also  under  study  near  Missoula. 
Mont.  Modification  of  snow,  rain,  and  hail  involves 
adding  proper  quantities  of  minute  particles  to  clouds  to 
change  cloud  composition  and  to  help  form  more 
raindrops  or  snowflakes.  Commonly  called  cloud  seed- 
ing. this  is  usually  accomplished  by  burning  silver  iodide 
mixtures. 

Much  progress  has  been  made  in  increasing  precipi- 
tation. not  only  in  the  Missouri  Basin  but  in  other  parts 
of  the  Nation  as  well  and  throughout  the  world.  That 
cloud  seeding  can  increase  precipitation  on  the  older  of 
10  to  20  percent  has  been  recognized  by  the  National 
Academy  of  Sciences  • National  Research  Council,  the 
National  Science  Foundation,  and  the  American  Meteor- 
ology Society. 

What  is  now  known  and  wliat  is  continually  being 
learned  gives  ample  reason  to  believe  that  reli'ble, 
efficient  weather-modification  techniques,  capable  of 
significantly  increasing  precipitation  and  water  supplies 
in  the  Missouri  Basin,  could  be  developed  by  I'LSO.  By  as 
early  as  1 97.“'.  routine  operational  seeding  of  winter 
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storms  over  the  basin’s  mountainous  areas  could  be 
feasible.  A capability  to  increase  snowfall  in  thek  areas 
by  an  average  of  about  IS  percent  may  be  anticipated. 
By  the  mid- 1970’s,  capabilities  should  be  available  for 
increasing  rainfall  by  I to  2 inches  during  the  spring  and 
summer  months  from  convective  clouds  over  the  plains 
area  of  the  basin. 

It  is  generally  agreed  that  large-scale,  routine  opera- 
tions should  await  greater  knowledge  of  cloud  seeding 
methods  and  criteria,  which,  with  adequate  effort  and 
support,  can  be  obtained  in  the  next  few  years.  Among 
several  weather-modification  research  programs,  the 
U.  S.  Bureau  of  Reclamation’s  Atmospheric  Water  Re- 
sources Program  particularly  is  directed  toward  pro- 
viding soon  the  applicable  scientific  knowledge  and 
engineering  systems  that  can  make  practical  modifica- 
tion of  precipitation  a reality.  Knowledge  concerning 
hail  and  lightning  suppression  and  evidence  of  success  in 
this  field  are  less  apparent.  There  are  preliminary 
indications,  from  an  experiment  sponsored  by  the 
National  Science  roundation  in  South  Dakota,  that 
effective  reduction  in  hailfall  damage  and  effective 
augmentation  of  precipitation  may  result  simultaneously 
from  one  seeding  operation. 

Research  and  Development 

The  entire  Federal  program  for  weather  modification 
research  totalled  about  SI  1 million  in  Fiscal  Year  1968. 
Of  this  total,  about  S7  million  was  allotted  specifically 
to  precipitation  modification,  with  S5.1  million  directed 
to  the  U.  S.  Bureau  of  Reclamation,  SI. I million  to  the 
National  Science  Foundation,  and  S690,000  io  the 
Environmental  Science  Services  Administration.  Recom- 
mendations have  been  made  that  these  research  efforts 
be  continued  and  significantly  expanded. 

Weather  modification  research  also  includes  con- 
sideration of  fog  and  cloud  modification  and 
modification  of  severe  storms  such  as  hurricanes  and 
cyclones,  in  addition  to  the  precipitation  management 
and  hail  and  lightning  .suppression  previously  mentioned. 
Other  Federal  agencies  involved  in  the  research  effort  are 
the  Department  of  Agriculture,  the  Department  of 
Defense,  the  National  Aeronautics  and  Space  Adminis- 
tration, and  the  Federal  Aviation  Administration. 

Two  major  field  efforts  for  snowfall  enhancement 
research  arc  in  progress  in  the  Missouri  Basin.  The 
University  of  Wyoming  is  engaged  in  development  of 
seeding  techniques  aimed  at  increasing  snowfall  from 
mountain-cap  clouds  at  the  Elk  Mountain  experiment 
site  in  southern  Wyoming.  Montana  State  University  is 
evaluating  the  effects  of  seeding  on  precipitation, in  the 
Bangtail  Ridge  area  near  Bozeman,  Mont.,  and  in  a large 
downwind  area  extending  eastward. 

Other  major  winter  seeding  experiments  arc  in  prog- 


ress just  west  of  the  Missouri  River  Basin  in  the 
mountains  near  Steamboat  Springs  and  Climax,  Colo.  An 
operational  seeding  project  aimed  at  augmenting  stream- 
flow  into  Hungry  Horse  Reservoir  during  years  of  low 
runoff  has  been  underway  since  1966.  The  University  of 
Wyoming  in  1968  began  a limited  seeding  experiment  on 
the  western  side  of  the  Wind  River  Range.  Findings  of 
these  activities  and  of  other  research  have  led  to 
initiation  of  a large  pilot-type  research  project  in  the 
adjoining  Upper  Colorado  River  Basin  as  the  last  step  in 
the  operational  development  sequence  outlined  in  the 
Department  of  the  Interior’s  report,  “Plan  to  Develop 
Technology  for  Increasing  Water  Yield  from  Atmos- 
pheric Sources.’’  This  project  is  designed  to  give  wafer 
resource  planners  firm  answers  by  1973  on  how  much 
additional  water  could  be  expected  and  what  costs 
would  be  involved  if  full-.scale  winter  seeding  operations 
were  undertaken. 

An  estimated  1.87  million  acre-feet  average  annual- 
water  augmentation  for  SI  to  S3  per  acreToot  is 
currently  forecast  for  the  upper  Colorado  River  Basin.  A 
similar  pilot  project  is  planned  for  the  western  Missouri 
Basin  mountains  beginning  in  1970  or  1971 . 

The  South  Dakota  School  of  Mines  and  Technology  is 
conducting  a comprehensive  field  program  in  western 
South  Dakota  involving  development  of  techniques  for 
increasing  rainfall  from  summer  cumulus  clouds.  Also 
included  in  this  program  are  hail-suppression  research 
and  coordination  and  evaluation  of  commercial  seeding 
operations  in  the  western  Dakotas.  An  increase  in 
precipitation  of  about  10  percent  resulting  from  seeding 
of  individual  convective  clouds  on  days  with  isolated 
showers,  associated  with  .southwesterly  winds  has  been 
indicated.  Increases  resulting  from  seeding  of  individual 
clouds  associated  with  other  wind  directions  appear  less 
likely. 

A pilot  research  project  involving  seeding  of  groups  of 
cumulus  clouds  and  convective  storms  was  initiated  in 
this  same  area  during  1968.  The  scientific  and  technical 
operation  problems  associated  with  increasing  rainfall 
primarily  for  crop  production,  and  the  environmental 
aspects  involved,  are  more  complex  than  those  associ- 
ated with  seeding  winter  storms  over  mountainous  areas 
primarily  to  augment  streamflow.  .More  time  and  further 
studies  will  be  required  in  connection  with  precipitation 
augmentation  in  the  northern  plains,  but  necessary 
developments  should  be  accomplished  and  sufficiently 
firm  answers  should  be  available  in  time  to  permit  initial 
operations  to  begin  in  mid-1970’s. 

In  connection  with  the  introduction  of  precipitation 
augmentation  and  other  weather  modifications  into  the 
water  resources  and  agricultural  fields,  all  po.ssible 
undesirable  side  effects  must  be  considered  so  that  steps 
may  be  taken  to  minimize  them.  The  need  for  careful 
study,  monitoring,  and  evaluation  of  social-cultural 


118 


impacts,  economic  effects,  and  effects  on  natural  species 
and  regimes  is  well  recognized.  Investigations  to  resolve 
possible  problems  in  these  areas,  and  in  the  areas  of  legal 
implication  and  hydrological  change,  will  be  important 
parts  of  weather  modification  research  and  development 
in  the  .Missouri  River  Basin. 


Missouri  River  Basin  PrNipitation  Management 
Potential 

The  current  technological  forecast  in  connection  with 
precipitation  augmentation  is  for  a IS  percent  increase 
in  mountain  snowfall  to  be  attainable  by  about  1975. 
Based  on  temperature  and  wind  criteria  involved,  the 
best  operational  target  areas  would  be  located  in  the 
high  country  above  ,8500-foot  elevation.  For  seeding 
most  efficiently  to  produce  more  water,  the  best  target 
areas  should  also  be  in  areas  of  highest  water  yield.  In 
the  Missouri  Basin,  an  area  of  more  than  14,000  square 
miles  in  the  Upper  Missouri,  Yellowstone,  and  Platte- 
Niobrara  subbasins  meets  both  criteria. .Here  the  natural 
snowpack  averages  1 3 inches  of  water  content  on 
April  1 , and  the  annual  runoff  is  10  inches  or  greater. 

Assuming  that  the  forecasted  15  percent  increase  in 
snowfall  would  produce  a 1 5 percent  increase  in  the 
April  1 snowpack  and  its  water  content,  and  assuming  an 
85  percent  runoff  yield  from  the  additional  snow,  the 
potential  increase  in  average  annual  basin  streamflow 
amounts  to  1,270,000  acre-feet. 

Production  costs  for  the  additional  water  produced, 
after  equipment  and  procedures  are  fully  developed, 
should  be  in  the  range  of  S 1 to  S3  per  acre-foot  in  the 
Western  mountainous  portions  of  the  Missouri  River 
Basin.  Since  the  areas  involved  are  in  the  stream 
headwaters,  retention  and  control  of  the  additional 
runoff,  for  flexibility  of  use,  would  be  possible,  often 
with  existing  storage  facilities. 

Precipitation  in  the  Black  Mills  area  could  be  in- 
creased both  as  additional  snowfall  during  the  winter 
and  as  additional  rainfall  from  spring  and  summer 
clouds.  The  runoff-augmentation  potential  is  less  than  in 
the  high  mountain  areas,  but  the  potential  increase  in 
streamflow  to  be  realized  is  estimated  at  about  20,000 
acre-feet. 

Unit  production  costs  also  would  be  higlier  than  in 
the  high  mountain  areas,  ranging  up  to  S4  per  acre-foot. 
Routine  seeding  of  convective  clouds  over  the  Black 
Hills  would  yield  from  I to  1.5  inches  of  additional 
summer  rainhill,  mostly  for  crop,  pasture,  and  forest 
growth. 

Streamflow  Augmentation  Assumed  in  Analyses 

In  the  hydrologic  analyses  of  the  framework  plans, 
increased  runoff  through  precipitation  management  has 


been  assumed  only  from  the  high  mountain  target.areas 
previously  described.  It  has  been  assumed  further  that 
the  previously  indicated  augmentation  potential  of  these 
areas  would  be  fully  realized  in  2020,  with  only  portions 
of  the  full  potential  realized. by  1980  and  2000.  The 
assumed  cumulative  increases  in  runoff  from  this  source 
are  as  shown  below. 


Ba»n 
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Drainage 

Area 
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Runoff  Within 
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Upper  Missouri  River 
Yellowstone  River 
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70.600 

2,905 

3,255 

2,168 

6,130 

(1,000  Acre-Feet) 
70  145  295 

24  7 3 243 

20  79  196 

89  26?  536 

.Missouri  Basin 

14,458 

203  564  1,270 
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FOREST  MANAGEMENT 

Observation  of  the  effects  of  improved  forest  manage- 
ment has  demonstrated  that,  in  some  areas  of  the 
Missouri  River  Basin,  altering  and  improving  forest  cover 
to  induce  added  runoff  and  to  reduce  evapotranspiration 
can  significantly  increase  water  supply  in  these  areas. 
Timely  harvesting,  proper  thinning,  intensive  protection, 
and  accelerated  tree  planting  all  .can  contribute  to 
significantly  increased  runoff  from  forest  areas  in  loca- 
tions and  at  altitudes  where  normal  precipitation 
exceeds  . 20  inches  annually  and  where  normal  runoff  is 
already  substantial. 

Only  a relatively  small  part  of  all  of  the  basin’s 
forests,  however,  is  so  situated  that  water  yield  can  be 
significantly  increased  by  improved  management  prac- 
tices. In  the  hydrologic  analyses  of  the  framework  plans, 
increased  runoff  from  this  source  has  been  assumed  for 
less  ihan  10  percent  of  the  basin’s  forest  lands.  Lsti- 
mated  cumulative  increases,  by  subbasins,  are  shown 
below. 


? 

Subbasin 

Total 

Forest 

Area 

Area 

Susceptible 

io 

Water  Yield 
1 Increase 

Estimated 
Cumulative 
Increase  in 
Forcfst  Water 
Yield 

1970  1980  2000  2020 

(1,000  Acres) 

(1,000  AF) 

Upper  Missouri 

7.211 

310 

17 

30 

59 

88 

Ycllosv.stoiie 

7.037 

1.228 

16 

61 

152 

I6I 

Western  Dakota 

2,424 

75 

8 

8 

16 

16 

liastern  Dakota 

160 

0 

0 

0 

0 

0 

Platte-Niobrara 

5.128 

1,107 

45 

104 

258 

258 

Middle  Missouri 

1.036 

0 

0 

0 

0 

0 

Kansas 

520 

0 

0 

0 

0 

0 

l.owor  Missouri 

6.857 

0 

0 

0 

0 

0 

Missouri  Basin 

30.373 

2,820 

86 

203 

485 

523 
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EVAPORATION  REDUCTION 

Evaporation  losses  from  the  water  surface  areas  of  the 
Missouri  River  Basin  constitute  nearly  one-third  of  the 
fresh-water  evaporation  losses  in  the  17  Western  States. 
From  those  lakes  and  reservoirs  of  the  basin  over  500 
acres  in  size,  evaporation  losses  amount  to  4.3  million 
acre-feet  annually.  Based  on  a national  average  per  capita 
consumptive  use  rate  of  147  gallons  per  day,  or  about 
one-sixth  acre-foot  per  year,  this  evaporation  loss,  if  it 
were  conserved,  could  supply  the  water  needs  of  neatly 
26  million  people.  This  is  more  than  three  times  the 
present  population  of  all  the  states  lying  wholly  or 
partially  within  the  Missouri  Basin.  A saving  of  even  a 
portion  of  this  great  water  loss  would  have  a significant 
effect  on  the  basin’s  water  supply  and  on  its  economy. 

No  generalization  can  be  made  concerning  the  poten- 
tial of  evaporation-reduction  operations  in  the  Missouri 
River  Basin  as  a whole.  Climatic  conditions  vary  over  a 
wide  range.  Evaporation  rates  vary  from  about  2 feet  per 
year  in  the  Upper  Missouri  Subbasin  to  over  4 feet  per 
year  in  the  Kansas  Subbasin.  Evaporation-reduction 
operations  would  be  practical  only  in  certain  areas.  Each 
lake  or  reservoir  would  have  to  be  evaluated  individually 
to  determine  its  suitability  for  such  operations.  Each 
evaluation  would  require  a complete  study  of  the 
climatology  and  hydrology  of  the  local  area  as  well  as  a 
determination  of  the  value  of  the  water  saved  in  relation 
to  its  potential  use  for  irrigation,  power  generation, 
municipal  needs,  or  other  purposes. 

Currently  available  data  indicate  that  by  1980,  with 
full  scale  treatment  of  all  reservoirs  in  the  basin  in  the 
size  range  of  500  to  50,000  acre-feet,  approximately 
500,000  acre-feet  of  water  could  be  saved  annually  at  an 
estimated  cost  of  S8.90  per  acre-foot.  .At  present, 
evaporation  reduction  shows  greatest  promise  in  areas 
where  the  bulk  of  the  total  annual  evaporation  occurs 
during  a relatively  short,  hot,  and  dry  period  during 
which  evaporation-reduction  operations  could  be  con- 
ducted to  effect  the  greatest  water  savings  at  least  cost. 
This  type  of  situation  does  prevail  in  large  areas  of  the 
Missouri  Basin,  and  evaporation-reduction  operations  in 
these  areas  may  prove  feasible  at  some  time  in  the 
future.  The  extent  anci  rate  of  possible  development  are 
too  uncertain  at  this  time,  however,  to  warrant  the 
assumption  of  an  increased  water  supply  from  this 
source  in  the  hydrologic  analyses  of  the  framework 
plans. 

WATER  IMPORTS  AND  EXPORTS 

The  usable  water  supply  within  the  Missouri  Basin  has 
been  augmented  historically  by  the  importation  of  water 
from  adjoining  basins.  While  a .small  percentage  of  the 
total  basin  water  supply,  the  importations  represent 
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signifleant  contributions  to  those  areas  where  the  avail-  > 

able  runoff  is  irtsufficient  to  meet  local  demands. 

Currently  facilities  for  such  importations  are  in  operas 
tion  bringing  an  average  of  407,000  acre-feet  of  water 
per  year  into  the  South  Platte  River  system  from  the 
Colorado  River  Basin,  and  135,000  acre-feet  into  the 
Milk  River  from  the  St.  Mary  River,  although  the  annual 
quantities  vary  as  governed  by  the  granted  rights  or 
decrees.  The  South  Platte  importations  are  regulated  by 
rights  granted  by  the  states  of  Colorado  and  Wyoming 
and  as  permitted  within  their  share'  of  Colorado  River 
water  recognized  under  the  Upper  Colorado  River 
Compact.  The  Milk  River  importation  is  governed  by  the 
International  Water  Treaty  with  Canada  consummated  in 
1910. 

Increasing  quantities  of  water  imports  to  the  South 
Platte  River  system  from  the  Colorado  River  were 
estimated  for  1980,  2000,  and  2020  under  the  riglus 
already  granted,  and  within  the  stipulated  shares  of 
Colorado  River  Basin  water  under  the  Upper  Colorado  ' 

River  Compact.  It  is  possible  that  the  importations  to  ' 

the  Missouri  Basin  within  either  state  may  be  greater 
than  estimated  in  the  plan,  but  the  amounts  included 
were  limited  to  those  permitted  under  currently  granted  ^ 

riglits.  The  importation  from  the  St.  Mary  River  could 
be  increased  under  the  provisions  of  the  International  ; 

Treaty  with  Canada,  but  v/ere  estimated  as  not  in-  ' 

creasing  in  the  plan  due  to  the  higlr  cost  of  the  added 
physical  works. 

Currently  there  is  no  exportation  of  water  from  the 
basin;  however,  the  authorized  Garrison  Diversion  Unit 
now  under  construction  will  divert  water  from  the 
Missouri  River  Basin  to  the  Souris-Red-Rainy  River 
Basins.  Water  rights  for  this  diversion  have  been  granted 
by  the  state  of  North  Dakota  for  full  development  and  it 
was  estimated  in  the  framework  plan  that  the  Garrison 
Diversion  Unit  would  be  fully  developed  by  2020.  The 
quantities  of  water  so  exported  were  estimated  as  a net 
depletion  to  the  Missouri  Basin,  although  the  net 
exportation  may  be  decreased  by  rediversion  of  project 
return  flows  back  to  the  Missouri  Basin  under  the 
ultimate  plan  of  development. 

The  Milk  River  originates  in  the  United  States,  flows 
into  Canada,  then  back  into  the  United  States  and  is 
tributary  to  the  Missouri  River  below  Fort  Peck  Dam. 

Canada  is  entitled  to  use  of  water  from  the  Milk  River  in 
Canada  and  it  was  estimated  that  future  Canadian 
depletions  would  be  45,000  acre-feet  by  the  year  2000. 

The  45,000  acre-feet  of  Canadian  depletion  has  been 
considered  an  export  from  the  Missouri  Basin  in  the 
United  States. 

Estimated  and  projected  average  annual  water  im- 
poitations  and  exportations  by  subbasins  are  as  follows 
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Amwal  Watcf  Impof tatkm 


AwMge  Annual  Water  Exportation 


Upper  Mksouri 
Eastern  Dakota 
PlatterNiobrara 


Missouri  Basin 


(Cnmubtive  - IjOOO  Acre-feet) 


UNITWAtER-USE  REQUIREMENTS 

Unit  water-use  requirements  were  adopted  to  develop 
overall  water  requirements  of  the  framework  plans. 
These  are  discussed  in  the  following  paragraphs. 

Irrigation  Water  Supply 

Current  rates  of  irrigatiori  diversion  were  used  in 
estimating  future  irrigation  demands.  Irrigation  in  the 
Missouri  Basin- currently  requires  annual  farm  deliveries 
as  shewn  below.  These  amounts  do  not  include  evapora- 
tion and  transpiration  losses  from  reservoirs,  canals, 
laterals,  and  seepage  areas. 


Suhbasin 

Upper  Missouri 
Yellowstone 
Western  Dakota 
Eastern  Dakota 
Platte-Niorbrara 
Middle  Missouri 
Kansas 

Lower  Missouri 


Average  AnnuiJ  Farm  Delivery 
of  Irrigation  Water 

(Acre'Feet  Per  Acre) 

1.8 

2.0 

1.8 

1.5 

1.9 

1.0 

2.0 

1.0 


Municipal  and  Rural  Domestic  Water  Supply 

In  cities  with  population  in  excess  of  10,000, 
inventories  were  made  to  determine  current  average 
water  use,  and  these  amounts  were  then  adjusted  to 
reflect  anticipated  increases  in  future  demands.  For 
communities  with  population  less  than  10,000,  unit 
values  for  nuinicipal  water  use  were  selected  to  reflect 
the  significance  of  lawn  sprinkling  and  garden  irrigation 
in  some  areas.  This  was  done  by  determination  of  a 
precipitation  effectiveness  index  line,  the  location  of 
which  roughly  approximates  that  of  the  line  of  22-inch 
average  annual  precipitation,  and  using  higher  unit  values 
west  of  the  precipitation  effectiveness  index  line  where 
average  annual  rainfall  values  arc  less.  In  rural  areas,  unit 
values  for  domestic  water  use  were  .selected  to  reflect  the 
greater  water  use  in  rural  homes  with  pressurized  water 
systems  than  in  those  without  such  systems. 


Unit  values  used  to  develop  municipal  and  industrial 
and  rural  domestic  water  supply  requirements  are  shown 
below. 


Gallons 
per  Capita 
per  Day 


Location 

Communities  of  2,500  to  10.000  Population 
East  ofPrecipitation.Effectiveness 
Index  Line 

West  of  Precipitation  Effectiveness 
Index  Line 

Communities  of  Less  than  2,500  Population 
East  of  Precipitation  Effectiveness 
Index  Line 

West  of  Precipitation  Effectiveness 
Index  Line 
Rural  Homes 
With  Pressurized  Systems 
Without  Pressurized  Systems 


Industrial  and  Mineral  Water  Supply 

Some  industries  obtain  required  water  supplies  from 
municipal  water-supply  systems.  In  such  cases,  water 
requirements  in  the  future  were  considered  as  part  pf 
future  municipal  requirements.  Other  industries  were 
inventoried  to  determine  current  average  water  require- 
ments, and  these  values  were  then  adjusted  to  reflect 
anticipated  changes  in  future  requirements. 


Thermal  Power  Water  Supply 

The  principal  water  demand  of  steam-electric  genera- 
tor plants  is  for  condenser  cooling  purposes.  Unit  values 
used  to  develop  thermal  power  water  supply  require- 
ments were  550  gallons  jjer  minute  per  megawatt  for 
fossil  fuel  and  650  gallons  per  minute  per  megawatt  for 
nuclear  fuel,  both  rates  being  for  a flow-through  .system 
with  a cooling-water  temperature  rise  of  18^’F,  The 
amount  of  sireamflow  diversions  and  depletions  will  be 
dependent  on  the  type  of  cooling  provided,  whether  it 
be  flow-through,  pond,  or  tower. 


Lwestock  Watar  Supply 

Unit  values  used  to  develop  livestock  water-supply 
requirements,  based  on  current  average  livestock  use 
rates,  are  shown  below. 


Livestock 

Milk  Cows 

BeefCattle 

Hogs 

Sheep 

Turkeys 

Chickens 


Water  Supply 
Requkement 
per  Head 

(GaUonsperDay) 

30.0 

12.0 
4.0 
1.8 
0.18 
0.06 


Fish  and  Wildlife,  Reci^tion,  and  Water  Quality 
Control 


Unit  requirement  criteria  were  hot  established  for 
those  uses  which  were  found  to  vary  with  the  type  of 
development,  stream  hydraulics,  clima’ic  factors,  and  at 
times  multiple  service  of  a common  facility.  The 
individual  requirements  were  variously  recognized  in  the 
planning  but  are  not  always  defined  as  specific  func- 
tional withdrawals,  depletions,  or  streamflow  demands. 
Single-purpose  recreation,  and  fish  and  wildlife  storage 
impoundments  and  storage  regulation  impoundments  for 
streamflow  augmentation  are  included  in  the  plan  and 
the  depletions  are  included  in  the  large  reservoir,  small 
reservoir;  and  minor  ponds  evaporation  estimates. 
Streamflow  demands  for  water  quality  control  to  accom- 
modate effluent  residuals,  after  the  prescribed  level  of 
treatment,  were  estimated  for  specific  stream  reaches. 

Streamflow  demands  were  generally  met  for  quality 
control  as  dictated  by  temperature  and  dissolved-oxygen 
criteria  for  a satisfactory  quality-of-flow  fishery  habitat. 
In  most  cases  these  water  demands  also  will  provide  a 
satisfactory  streamflow  regimen  for  the  fishery.  How- 
ever, in  some  stream  reaches,  meeting  this  quality 
criteria  does  not  necessarily  provide  a satisfactory 
streamflow  for  fishery.  While  specific  streamflow  criieria 
were  i.ot  developed,  obvious  potential  conflicts  were 
usually  resolved.  Future  detailed  studies  should  include 
consideration  of  streamflow  requirements  for  the 
fishery. 


ADEQUACY  OF  WATER  SUPPLY  TO  MEET 
PLAN  REQUIREMENTS 


During  the  initial  phases  of  water  resources  develop- 
ment planning  in  each  of  the  subbasins,  water-use  plans 
were  developed  on  the  basis  of  generalized  hydrologic 
information  without  a detailed  appraisal  of  the  adequacy 
of  the  water  supply  to  meet  the  demands  of  the  planned 


improvements.  After  developmeiit  of  preliminary  plans, 
more  detailed  appraisals  were  made  for  each  subbasin, 
and  development  plans  were  scaled  down  where  necessary 
to  be  consistent  with  the  available  water  supply. 

These  more  detailed  hydrologic  analyses  demon- 
strated that,  generally,  surface-water  supplies  as  regu- 
lated by  reservoirs  will  be  sufficient  to  meet 
requirements  of  the  final  framework  plans.  However, 
these  appraisals  of  water  adequacy  were  based  on 
comparisons  of  average  annual  w.'ter  requirements  and 
the  average  annual  water  supply  for  each  subbasin  as  a 
whole,  or  for  large  portions  ofa  subbasin,  in  some  basins 
there  may  well  be  problems  of  water  availability  for 
planned  uses  at  specific  locations  and  problems  of  severe 
shortages  in  some  months  and  years. 

Ground-water  supplies  also  will  be  generally  sufficient 
to  meet  requirements  of  the  final  framework  plans.  In 
many  cases,  ground-water  withdrawals  will  be  reflected 
rather  quickly  in  streamflow  depletions  as  aquifers  are 
recharged  rapidly  from  streamflow.  In  other  cases, 
ground-water  withdrawals  will  result  in  streamflow 
depletions  only  after  an  appreciable  time  lag.  In  some 
cases,  however,  ground-water  withdrawals  represent  use 
of  a non-replenishable  or  only  very  slowly  replenishable 
resource;  and  in  some  such  cases,  sometime  after  2020, 
reduction  in  ground-water  withdrawals  will  become 
necessary.  The  estimates  of  the  effects  of  ground-  water 
depletion  on  surface-water  flows,  while  taking  into 
account  available  data,  were  based  largely  on  judgment. 
Additional  studies  are  needed  to  confirm  these  esti- 
mates. 

All  instances  involving  full  use  of  available  surface- 
water  supplies  or  possible  non-replenishable  depletion  of 
ground-water  supplies  are  associated  with  the  use  of 
these  supplies  Tor  irrigation.  Except  for  some  relatively 
small  local  areas,  there  appears  to  be  no  question,  in  any 
of  the  tributary  subbasins,  of  the  adequacy  of  both 
surface-water  supplies  and  ground-water  supplies  for 
purposes  other  than  irrigation. 

Depletions  caused  by  the  developments  included  in 
the  framewc  k plans,  however,  will  appreciably  reduce 
power  generation  by  the  Missouri  River  main  stem.plants 
and  will  require  frequent  curtailment  or  interruption  of 
the  navigation  season  on  the  Missouri  River. 

Results  of  the  hydrologic  analyses  of  the  framework 
plans  arc  summarized  briefly,  by  subbasins,  in  the 
following  paragraphs.  The  effects  of  the  framework  plan 
developments  on  Missouri  River  main  stem  reservoir 
regulation  and  on  water  uses  along  the  Missouri  River 
also  arc  summarized  m succeeding  paragraphs.  These 
effects  arc  based  on  the  framework  plans  to  meet 
projected  needs  by  1980,  2000,  and  2020  and  do  not 
recognize  any  possible  budgetary  restrictions  or  ch;mge'. 
in  economic  projections. 
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Upper  Minouri  SubbMin 

The  framework  pbn  for  the  Upper  Missouri  Subbasin 
is  aimed  at  intensifying  and  improving  the  economic 
efficiency  of  the  subbasin’s  ^cultural  base,  and  preser* 
vation,  development,  and  management  of  the  subbasin’s 
outstanding  environmental  attributes  with  a view  to 
development  of  a significant  recreation  industry. 

Major  water-use  components  of  the  framework  plan 
for  the  Upper  Missouri  Subbasin  by  the  year  2020  are  as 
follows: 

Multiple-purpose  reservoir  storage  in 

1 S large'  and  77  small  reservoirs  2,952,000  af 
Single-purpose  reservoir  storage  99,000  af 

Public  systems  irrigation  development  495,000  acres 
Private  irrigation  development 

From  surface  water  0 acres 

From  ground  water  55,000  acres 

Streamflow  withdrawals  for  municipal, 
industrial,  mineral,  and  rural 


hmited  in  size,  it  is  consideted  that  sufficient  water  is 
available.  Depletions  to  ground  water  are  estimated  to  be 
10  percent  of  aU  withdrawals  to  account  for  those  areas 
which  are  not  immediately  related  to  the  drain^e 
pattern  and  where  recharge  is  not  fully  effective. 

Yailowftqnt  Subbnbi 

The  framework  plan  for  the  Yellowstone  Subbasin  is 
aimed  at  increasing  agricultural  production  and  pro- 
cessing of  agricultural  products,  at  development  of 
greater  industrial  utilization  of  the  subbasin’s  coal 
supplies,  and  at  preservation,  development,  and  man;^e- 
ment  of  the  subbasin’s  environmental  attributes  with  a 
view  to  expansion  of  the  subbasin’s  recreation  and 
tourist  industry. 

Major  water-use  components  of  the  framework  plan 
for  the  Yellowstone  Subbasin  by  the  year  2020  are  as 
follows: 


domestic  use 

58,000  af 

Multiple-purpose  reservoir  storage  in 

Streamflow  withdrawals  for  thermal 

8 large  and  69  small  reservoirs 

2,1 10,000  af 

powerplant  cooling 

455,000  af 

Single-purpose  reservoir  storage 

3.000  af 

Streamflow  withdrawals  by  land 

Public  systems  irrigation  development 

139,000  acies 

conservation  practices 

43,000  af 

Private  irrigation  development 

Streamflow  withdrawals  for  wetlands 

From  surface  water 

469,000  acres 

and  fish  and  wildlife 

93,000  af 

From  ground  water 

29,000  acres 

tTotnl  storage  in  excess  of  25,000  acre-feet  in  each  large 
reservoir. 


The  water  supply  in  this  subbasin,  after  depletion  by 
the  1970-level  developments,  totals  about  7,276,000 
acre-feet.  The  listed  features  of  the  framework  plan,  and 
other  lesser  developments,  are  expected  to  deplete  the 
1 970  water  supply  of  the  subbasin  by  990,000  acre-feet, 
as  shown  in  table  23.  Therefore,  net  depletions  by  the 
proposed  2020  developments  in  the  framework  plan  will 
reduce  the  1970  water  supply  by  14%.  The  available 
surface-water  supply  is  adequate  to  serve  the  planned 
developments  and  still  provide  average  annual  flows  of 
about  6.3  million  acre-feet  for  regulation  by  the  down- 
stream Missouri  River  reservoirs. 

The  planned  development  of  irrigation  in  the  Milk 
River  valley  and  in  the  area  between  the  Missouri  River 
and  the  Milk  River,  however,  will  require  diversion  of 
about  150,000  acre-feet  annually  from  the  Missouri 
River  near  Virgelle,  Mont. 

Ground-water  developments  proposed  within  the 
Upper  Missouri  Subbasin  are  mostly  small,  scattered,  and 
confined  largely  to  alluvial  areas  adjacent  to  streams.  Net 
withdrawals  of  ground  water  generally  will  be  equivalent 
to  stream  depletions  because  of  relatively  rapid  recharge 
from  streamllow,  and  90  percent  of  all  ground  water 
extracted  is  considered  as  an  immediate  stream  deple- 
tion. Since  ground-water  developments  as  proposed  are 


Streamflow  withdrawals  for  municipal, 
industrial,  mineral,  and  rural 
domestic  use  1 ,07  8,000  af 

Streamflow  withdrawals  for  thermal 

powetplant  cooling  778,000  af 

Streamflow  withdrawals  by  land 

conservation  practices  1 7,000  af 

Streamflow  withdrawals  for  wetlands 

and  fish  and  wildlife  49,Q00  af 

The  water  supply  in  this  subbasin,  after  depletion  by 
the  1970-levei  developments,  totals  about  8-, 800,00(1 
acre-feet.  The  listed  features  of  the  framework  plan,  and 
other  lesser  developments,  are  expected  to  deplete  (he 
1970  water  supply  of  the  subbasin  by  1,500,000 
acre-f-‘Ct,  as  shown  in  table  24.  Therefore,  net  depletions 
by  the  proposed  2020  developments  in  the  framework 
plan  will  reduce  the  1970  water-supply  by  17%. 

Ground-water  irrigation  developments  proposed 
within  the  Yellowstone  Subbasin  are  comparatively 
small  and  are  confined  for  the  most  part  to  stream 
bottomlands  where  withdrawals  will  be  quickly  re- 
charged and  will  constitute  a direct  stream  depletion. 

Some  of  the  withdrawals  from  ground  water  in 
isolated  upland  areas  for  irrigation  and  livestock,  and  for 
municipal  use  in  small  towns,  may  not  be  so  directly 
related  to  drainage  and  will  result  in  minor  depletions  to 
ground  water.  It  is  estimated  that  90  percent  of  all 
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pumped  quantities  will  result  in  stream  depletion  and 
the  remainder  will  be  a depletion  to  ground-water 
stor^.  Sufficient  ground  water  is  available  for  devdop- 
ments  of  the  size  contemplated. 

The  surface-water  supply  of  the  Ydkm^one  Sub- 
basin is  generally  adequate;  however,  that  of  the  Vi^d 
River  portion  of  the  subbasin  appears  to  be  sufficient  for 
development  of  only  about  75,000  acres  of  addition^ 
irrigation.  Moreover,  the  availability  of  additional 
storage  sites  in  this  portion  of  the  subbasin  with  the 
potential  capadty  to  serve  more  than  75,000  acres  of 
additional  irrigation  appears  questionable.  It  is  con- 
sidered that  irr^tion  of  45,000  acres  more  than 
currently  irrigated  could  be  accompliahed  rather  readily 
and  that  irription  of  the  remainii^  30,000  additional 
acres  could  be  accomplished  by  utilizing  the  remaining 
streamflow  and  storage  potentials  of  the  Wind  River 
portion  of  the  subbasin. 

Additional  storage  planned  for  the  Yellowstone  Sub- 
basin appears  to  be  near  the  minimum  required  to  serve 
the  planned  developments. 

W«tMm  Dakota  Subbaiin 

The  framework  plan  for  the  Western  Dakota  Subbaan 
is  aimed  primarily  at  enhancing  the  economy  of  the 
subbasin  in  ways  most  consistent  with  the  natural 
attributes  of  the  several  portions  of  the  subbasin.  One 
objective  is  enhancement  and  stabilization  of  agricultural 
production  in  the  plains  portion  of  the  subbasin. 
Another  is  enhancement  and  stabilization  of  the  sub- 
baan’s  mining  industry  through  development  to  permit 
industrial  utilization  of  the  subbasin’s  great  lignite 
deposits  in  southwestern  North  Dakota.  A tliird  is 
environmental  enhancement  to  promote  and  stabUize 
the  recreation  and  tourist  industry,  most  significant  in 
the  Black  Hills  portion  of  the  subbasin.  The  subbasin 
plan  here  is  essentially  the  result  of  blending  objectives, 
in  the  best  interest  of  economic  enhancement,  rather 
than  a compromise  among  objectives. 

Major  water-use  components  of  the  framework  plan 
for  the  Western  Dakota  Subbasin  by  the  year  2'''!0  are  as 
follows; 


Mult'ple-purposereservoir  storage  iii 
7 large  and  64  small  reservoirs 
Single-purpose  reservoir  storage 
Public  systems  irrigation  development 
Private  irrigation  development 
From-surface  water 
From  ground  water 

Streamflow  withdrawals  for  municipal, 
industrial,  mineral,  and  rural 
domestic  use 

Streamflow  withdrawals  for  thermal 
powerplant  cooling 


2,823,000  af 
4,000  af 

136.000  acres 

507.000  acres 

1 1 9.000  acres 


27,000  af 
302,000  af 


Streamflow  withdrawals  by  land 

conservation  practices  1 1 2,000  af 

Streamflow  withdrawals  for  wetlands 

and  fish  and  wildlife  0 af 


The  water  supfdy  in  this  subbasin,  after  depletion  by 
the  1970-level  dmiopments,  totals  about  2,430,000 
acre-feet.  The  listed  features  the  frameworic  plan,  and 
other  lesaer  developments,  ate  expected  to  deplete  the 
1970  water  supply  of  the  subbasin  by  1,265,000 
acre-feet,  as  diown  in  table  25.  Therefore,  net  defdetkms 
by  the  proposed  2020  devdopments  in  the  framework 
(dan  will  be  52  percent  of  the  1970  water  supply. 

Surface  waters  of  this  subbasin  are  comprised  of  a 
number  of  individual  rivers  flowing  into  the  Missouri 
River.  Each  river  contributes  a share  of  water  but  its 
individual  development  will  require  signifleant  storage 
capacity  to  reach  the  proposed  degree  of  development. 
As  noted  in  the  table,  seven  additional  major  reservoirs 
and  64  other  signifleant  impoundments  strategically 
located  on  the  individual  basins  and  altogether  providing 
about  2.8  million  acre-feet  of  new  storage,  are  required 
to  attain  the  proposed  water-use  development.  Each 
river  basin  also  lends  itself  to  construction  of  minor 
ponds  and  small  watershed  developments  which  im- 
prove, but  also  deplete,  water  resources. 

Ground-water  supplies  throughout  most  of  the  sub- 
basin area  may  be  obtained  but  there  are  several 
problems  in  their  utilization.  The  alluvial  materials 
comprising  lands  adjoining  the  streams  are  mostly  fine 
grained  and  will  not  support  withdrawal  rates  generally 
required. for  irrigation.  Wells  in  upland  areas  will  provide 
only  small  to  medium  yieldswhich  will  be  adequate  for 
some  water  uses  but  probably  will  not  supply  water  at 
sustained  irrigationvrates.  The.planned-annuid  net  extrac- 
tion from  ground  water  in  these  areas  of  82,600 
acre-feet  is  possible,  but  costs  may  be  high  because  of 
small  yields. 

In  the  Little  Missouri  Basin  a substantial  ground- 
water. reservoir  exists  under  the  upland  area  of  McKenzie 
County.  Underflow,  from  this  area  now  contributes  to 
the  Missouri  River.  Recharge  of  the  area  will  be 
relatively  good  because  of  sandy  soils  favorable 
drainage  pattern.  Substantial  irrigation  may  be  devel- 
oped, and  prpposfed  net  ground-water  extractions  of 
73,400  acre-feet  annually  can  be  easily  made. 

Ground-water  depletions  were  estimated  -to  be  10 
percent  mined  and  90.percent  subject  to  eventual  stream 
depletion  after  2020  in  the  McKenzie  County  ground- 
water  area,  and  20  percent  mined  with  80  percent 
eventually  becoming  a stream  depletion  in  the  n aining 
areas  of  the  subbasin  where  ground-water  extractions  are 
contemplated. 
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Ewiiihi  Pdcott  SuMmin 

tiK  rnmework  for  the  Eastern  Dakota  Subbasin 
also  is  aimed  prinaiiiy-at  enhancing  the  economy  of  the 
subbasin  in  ways,  most  coamteat  with  iu  natural 
attributes.  One  objective  is  oihancement  and  stabiliza- 
tion of  agriculture,  the  mbbasin’s  princi^  industry. 
Another  is  environmental  enhuicement  to  promote  and 
stabilize  the  recratioh  and  tourist  industry.  Here  also, 
the  subbasin  plan  is  essentially  the  result  of  blendii^ 
objectives,  in  the  best  interest  of  economic  enhance- 
ihent,  rather-Uian  a compromise  among  objecthws. 

Major  water-use  components  of  the  framework  plan 
for  the  Eastern  Dakota  Subbasin  by  the  year  2020  are  as 
follows; 

Multiple-purpose  reservoir  stora^  in 
20  large  Slid  108  small  reservoirs 
Single-purpose  reservoir  storage 
Public  systems  irrigation  development 
Private  irr^tion  development 
From  surface-water 
From  ground  water 
Streamnow  withdrawals  for  municipal, 
industrial,  mineral,  and  rural 
domestic  use 

Streamflqw  withdrawals  for  thermal 
powerplant  cooling 
Streamflow  withdrawals  by  land- 
conservation  practices 
Streamflow  withdrawals  for^wetlands 
and  Tish  arid  wildufe 

The  water  supply  in  this  subbasin,  after  depletion  by 
the  1970-level  developments,  totals  about  3,235,000 
acre-feet.  Total  depletions  assigned  to  this  subbasin<^6f 
4.4  million  acre-feet  are  listed  in  table  26.  Approxi- 
mately 2.0  million  acre-feet  of  these  depletions  result 
from  diverting  water  from  the  Garrisdii  Reservoir 
through  this  subbasin  to  the  Souris  and  Red  Rivers.  Of 
the  remaining  depletions  of  2.4  million  acre-feet  in  this 
subbasin,  0.6  million  acre-feet  are  served  from  the 
Garrison  Reservoir  and  1.3  million  acre-feel  by  diver- 
sions from  the  Oahe  Reservoir  and  other  Federal 
irrigation  units,  inclusion  of  private  irrigation  directly 
from  the  Missouri  River,  return  flow  to  the  Missouri 
River,  and  James  River  return  flow  leaves  about  0.4  mil- 
lion acre-feet  which  represent  depletions  to  this  sub- 
basin’s water  supply.  Therefore,  the  2020  developments 
that  utilize  water  supplies  which  originate  in  ‘he 
subbasin  will  deplete  the  subbasin’s  water  supply  by 
12%. 

Existing  ground-water  resources  of  the  subbasiri  and 
streamflows  originating  in  the  subbasin  are  adequate  to 
meet  the  requirements  of  development  planned  to  be 
served  from  these  sources. 


In  the  upper  portion  of  the  JanK4  River  Basin  and  in 
the  basins  of  the  minor  Eastern  Dakota  tributaries, 
stream  bate  flows  are  very  low  uid  ground-water 
wiflidrawak  will  not  be  fully  reflected  as  streamflow 
depletions.  The  rate  of  non-renewable  ground-water . 
de|detion  will  reach  215,000  acre-feef  for  the  subbasin 
as  a udiide  by  2020. 

PI«M-Niobrara  SubbMin 

the  Platte-Niobrara  Subbasin  is  composed  basically 
of  four  river  systems,  all  different  with  respect  to 
climate,  water  supply,  and  economic  develoi,ihent.  The 
four  are  the  South  Platte  River  system,  locat^  mostly  in 
Colorado;  the  North  Platte  River  ^tem,  located  mostly 
in  Wyoming;  the  Lower  Platte  River  system  in  Nebraska; 
and  the  Niobrara  River  system,  entirely  separate  from 
the  Platte  River  and  its  tributaries,  located  mostly  in 
Nebraska  along  the  Nebraska-South  Dakota  state  line. 
The  framework  plan  for  the  Platte-Niobrara  Subbasin 
has  somewhat  differehi  aims  within  the  four  areas 
drained  by  these  four  river  systems. 

In  the  drainage  area  of  the  South  Platte  River,  system, 
which  contains  the  large  and  rapidly  growing  Denver 
metropolitan  area  and  where  both  natural  and  imported 
water  supplies  are  already  fully  appropriated,  plan 
objectives  are  support  for  the  continued  economic 
growth  of  Denver  and  other  urban  areas.  These  objec- 
tives are  maintenance  of  the  irrigated  rural  economy  at 
its  present  level,  adequate,  water  supply  for  other 
segments  of  the  agricultural  I'lral  economy,  a rearanable 
de^ee  of  flood  protection  for  the-high  value  flood  plains 
in  both  urban  and  rural  areas,  and  maintenance  of 
environmental  quality  at  the  highest  practical  level.  In 
the  drainage  area  of  the  North  Hatte  River  system,  in 
the  absence  of  any  urban  development  comparable  to 
that  in  the  Denver  metropolitan  area,  plan  objectives  are 
primarily  maintenance  of  the  irrigated  rural  econonfy, 
adequate  water  supply  for  other  segments  of  the 
agricultural  rural  economy,  and  maintenance  of  environ- 
mental quality.  In  the  drainage  area  of  the  Lower  Platte 
River  system,  where  both  surface  water  and  ground 
water  are  more  abundant  than  in  the  North  Platte  and 
Squth  Platte  drainage  areas,  the  principal  objectives  are 
enhancement  of  the  agricultural  economy  and  improve- 
ment and  maintenance  of  environmental  quality.  In  the 
drainage  area  of  the  Niobrara  River  system,  a rather 
sparsely  populated  agricultural  area,  which  makes  only 
limited  use  of  its  available  water  supply,  the  objectives 
of  enhancement  of  the  agricultural -economy  and  envi- 
ronmental enhancement  both  are  emphasized. 

In  all  areas  of  the  subbasin,  plan  objectives  have  been 
dictated  by  quite  apparent  area  requirements.  Emphasis 
has  been  on  best  meeting  these  requirements,  and  there 
has  been  little  or  no  need  for  compromise  among 
objectives. 


2,704,000  af 

327.000  af 

918.000  acres 

367.000  acres 

442.000  acres 

95.000  af 

684.000  af 

7 1.000  af 

149.000  af 
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M^r  waterruse  components  of  the  framework  plan 
for  the  Phtte-Niobrara  Subbasin  by  the  year  20^  are  as 
follows; 


Multiple-purpose  reservoir  storage  in 
39  large  and  397  small  reservoirs 
Single-purpose  reservoir  storage 
Public  systems  irrigation  development 
Private  irrigation  development 
From  surface  water 
From  ground  water 

Streamflow  withdrawals  for  municipal, 
industrial,  mineral,  and  rural 
domestic  use 

Streamflow  withdrawals  for  thermal 
powerplant  cooling 
Streamflow  withdrawals  by  land 
conservation  practices 
Streamflow  withdrawals  for  wetlands 
and  fish  and  wildlife 


7,%  1,000  af 
1.059,000  af 
437,000  acres 


1 92,000  iKres 
1 ,732,000  %:res 


946,000  af 


-25.3;000af' 


1 23,000  af 
8,000  af 


I Negative  depletion  (accretion)  due  to  less  flow-through 
powerplant  cooling  in  2020  than  in  1970. 


The  water  supply  in  this  subbasin,  after  depletion  by 
the  1970-level  developments,  totals  about  4,202,000 
acre-feet.  The  listed  features  of  the  framework  plan,  the 
residual  effects  of  pre-1970  ground-water  pumping,  and 
other  lesser  developments,  are  expected  to  deplete  the 
1970  water  supply  of  the  subbasin  by  2,594,000 
acre-feet,  as  shown  in  tables  27  through  31.  Therefore, 
net  depletions  by  the  proposed  2020  developments  in 
the  framework  plan,  including  the  residual  effects  of 
pre-1970  ground-water  pumping,  will  deplete  the  1970 
water  supply  by  62%,  The  overalleffect  of  ground-water 
pumping  on  streamflow  totals  about  .lOO.OOO  acre-feet 
by  2020.  Abou!  half  of  the.se  depletions  are  due  to 
existing  ground-water  developments  and  the  remainder 
to  framework :pIan  deve!opnients. 

The  effect  of  ground-water  development  on  stream- 
flow  is  expected  to  vary  widely  among  the  individual 
stream  basins  within  the  Platte-Niobrara  Subbasin. 
Because  of  this  variation,  depletion  factors  ranging  from 
«ro  to  100  percent  were  applied  jn  different  parts  of 
the  subbasin. 

The  South  Platte  River  drainage  presents  a highly 
used  surface-water  system  which  has  attained  almost 
maximum  development  and  a ground-water  aystem 
which  in  many  areas  is  largely  .sustained  by  recharge 
from  ditch-irrigation  systems.  In  most  of  the  drainage 
ba.sin  in  ‘Colorado,  ground  water  is  closely  related  to 
surface-irrigaiion  .systems  and  extractions  are  replenished 
from  surface  applications  and  by  recharge  from  precipi- 
tation. Without  the  surface  irrigation,  many  well  systems 
would  not  sustain  ground-water  withdrawals  on  a 
permanent  basis. 


Much  the  same  situatim  cncins-f^  most.;uf:tfte'Nor^ 
Platte  drainage,  throughout  WyopiingV  lusuiihed 
ground-water  iemoval:;generi%->r(^its'ih:^|^tio^  to 
streamflow.  In  the.’Nebrida'fetiiAtw 
however,  it  is,l>flieved  that  ^uifers,  in  some  localities 
may  be  adequate  to  alldw  groundwater  wiAdrawals 
independent  of  surface  conditioiis.  Depletions  to  the 
ground-water  aquifers  shown  tor  both  the  North  and 
fouth  Platte  drainages  are  primarily  i^ricted  to  Neb- 
raska; grouiid-water  pumping  elsewhere  is  assumed  to 
result  in  direct  stream  depletion. 

Additional  developments'  in  the  North  and  South 
Platte  drainages  are  dependent  oh  water  to  become 
available  from  external  sources  such  as  imports,  weather 
modification,  forest  management,  and  retirement  of 
presently  irrigateduand  which  will. free  water  for  other 
uses.  If  Such  water.becomes  available,  large,  amounts  of 
new  storage  space  are  required  to  impound  and  utilize  it. 
Adequate  storage  appears,  to  he  provided  in  flamework 
plans  to  fully  use  all  current  and  future  water  supplies. 

the  Sandhills  region  of  north-central  and  north- 
western Nebraska,  which  is  drained  primarily  by  the 
Loup  and  Niobrara  rivers,  is  underlain  by  a thick 
sequence  of  saturated  permeable  rocks.  An  estimated  1 2 
million  acre-feet  of  water  infiltrates  the  sandy  soil 
annually,  and  about  80  percent  of  this  amount  is 
returned  to  the  atmosphere  by  evapotranspiration.  A 
very  substantial  potential  exists  in  this  region  for  salvage 
of  water  without  appreciable  depiction  of  streamflow. 
Controlled  ground-water  pumpage  could  be  utilized  to 
lowef  ground-water  levels  in  order  to  substantially 
reduce  evapotranspiration  rates. 

Elsewhere  in  the  Loup  River,  Elkhorn  River,  and 
Niobrara  River  basins,  the  opportunity  is  extensive  for 
either  surface-  or  ground-water  developments.  Substan- 
tial water-bearing  aquifers  are  available  from  which 
ground  water  may  brused  over  a long  period  with  only 
minor  effects  on  flow  of  streams.  Eventually,  the 
withdrawals  will"be  reflected- in  stream  depletions,  and  it 
is  estimated  that  the  surface  depletions  will  accelerate 
with  time.  A sliding-scale  estimate  was  used  wherein  the 
stream  depletion  would  be  equivalent  to  5,  10.  and  15 
^rcent,  for  successive  20-year  periods,  of  the  net 
ground  water  removed,  Sufficienl-streamflow  is  available 
-for  all  expansions  planned  to  utilize  surface  waters. 

The  Lower  Platte  River  area  is  known  to  pre.sent  large 
opportunities  for  eithet  ground-water  or  surface-water 
development.  Removals  of  ground  water  are  considered 
to  be  more  directly  related  to  streamflow  than  in  tlie 
Loup,  Elkhorn,  and  Niobrara  drainages,  but  not  depend- 
ent on  .surface,  replenisliment.  It  is  estimated  that 
glound-water  extractions  will  be  possible  on  an  extensive 
scale,  but  that  such  depletions  to  the  ground-water 
aquifers  will  be  reflected  in  diminished  streamflow  both 
.sooner  and  in  greater  amounts  than  in  the  Loup, 
Elkhorn.  and  Niobrara  drainage  basins.  In  tlic  Lower 
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Pbtte  lUver  area,  a amilar  dkling  scale  was  mployed, 
but  with  depfetibn  facion  of  10, 30,  and  SO  percent  for 
successive  jO-yw  periods.  The  didli^icale  approadi 
was  used  for  two  prindpd.reasons.  First,  it  permits  an 
estimate  of  cunent  stream  depletion  for  ground-water 
developments  undertaken  in  the  past,  and  second,  it 
allows  a means  of  computing  a probd>le  streamflow 
vriwh  may  be  expected  to  occur  even  after  ground-«’ater 
removal  ceases.  An  expected  streamflow  depletioii,  due 
to  ground-water  pumping,  which  is  applicable  to  a 
period  20  yean  later  (year  2040)  has  bera  listed  , in  the 
depletions  tables,  but  is  shown  separately  as  a li^. 

In  both  the  ^th  Platte  and  the  North  Platte  areas, 
natural  runoff  wiil^be  completely  utilized  and  planned 
developments' will  be  dependent  upon  imports  and  other 
"‘made’'  water.  In  fact,  in  the  South  Platte  area,  both 
natural  runoff  and  “made”  water  will  be  almost  com- 
pletely utilized  by  2020,  and  planned  developments  in 
this  area,  therefore,  are  the  absolute  limit  that  the 
available  water  supply  will  support.  There  will  a|so  be  a 
very  high  - percentage  of  depletion  of  streamflow  in  the 
Lxiwer  Platte  area«  greater  than  the  indicated  depletion 
percentage  for  the  subbasin  as  a whole.  Only  in  the 
Niobrara  area  will  the  percent  depletion  oT  streamflow 
be  less  than  the  indicated  depletion  percentage  for  the 
subbasin  as  a whole. 

Although  studies  indicate  that  the  expected  future 
surface  water  supply  in  the  South  Batte  area  will  be 
barely  adequate  for  planned  developments,  the  supply 
may  actually  fall  short  of  requirements.  It  should  be 
recognized  that  future  consideration  may  need  be  given 
to  the  possibility  of  increasing  water  imports  or  restric- 
ting some  water  uses,  or  both.  Similar  action  may  be 
necessary  also  in  the  North  Platte  area. 

The  1970  level  of  water  imports  into  the  Missouri 
River  Basin,  shown  as  542,000  acre-feet  in  subsequent 
depletion  tables,  includes  imports  of  401,000  acre-feet 
into  the  South  Platte  area.  It  appears  that  this  level  of 
imports  may  be  more  nearly  representative  of  1965 
conditions  than  1970  conditions.  A part  of  the  increase 
in  imports  between  1970  and  1980  as  indicated  in 
subsequent  tables,  therefore,  may  actually  have  occurred 
by  1970. 


Middit  Missouri  Subbasin 

The  framework  plan  for  the  Middle  Missouri  Subbasin 
is  aimed  primarily  at  continuation  and  enhanrement  of  a 
balanced  urban-rural  economy.  With  four  metropolitan 
areas  of  the  subbasin  located  on  the  Missouri  River  and 
assured  of  an  adequate  water  supply  from  that  source,  it 
is  possible  to  plan  for  regulation  of  the  subbasin  water 
supply  primarily  for  agricultural  uses  and  for  associated 
environmental  enhancement  for  the  benefit  of  both 
urban  and  rural  areas  of  the  subbasin. 


Mr^r  water-use  components  of  the  framework  plait, 
for  the  Middle  Missouri  ^bbasiri  by  the  year  2020  are  as 
follows: 


Multiple-purpose  reservoir  storage  in 
39  lar^  and  513  small  reservoirs 
Single-purpose  reservoir  storage 
Public  ^sterns  irrigation  development 
Private  irrigation  development 
From  surface  water 
From  ground  water 
Streamflow  withdrawals  for  municipal, 
industrial,  mineral,  and  rural 
domestic  use 

Streamflow  withdrawals  for  thermal 
powerplant  cooling 
Streamflow  withdrawals  by  land 
conservation  practices 
Streamflow  withdrawals  for  wetlands 
and  fish  and  wildlife 


5.264.000  af 

1.298.000  af 
27,000  acres 

322;000  acres 

1 .282.000  acres 

325.000  af 

757.000  af 

238.000  af 
41,000  af 


The  water  supply  in  this  subbasin,  after  depletion  by 
the  1970-IeveI  developments,  and  excluding  the  water 
supply  available  in  the  Missouri  River,  totals  about 
7,670,000- acre-feet.  The  listed  features  of -the  frame- 
work plan,  and  other  lesser  developments,  are  expected 
to  deplete  the  1970  water  supply  of  the  subbasin  by 
1 ,163,000  acre-feet,  as  shown  in  table  32.  Therefore,  net 
depletions  by  the  proposed  2020  developments  in  the 
framework  plan  will  reduce  the  1970  water  supply  by 
15%.  The  remaining  depletions  of  about  1.3  million 
acre-feet  represent  depletions  to  the  Missouri  River 
itself. 

Proposed  ground-water  developments  for  several 
stream  basins  in  the  western  Iowa  portion  of  the  Middle 
Missouri  Subbasin  appear  to  be  rather  optimistic.  Most 
of  the  available  ground  water  is  in  alluvial  depttsits 
underlying  the  larger  stream  valleys.  In  most  areas, 
however,  the  alluvial  materials  are  of  limited  thickness, 
and  generally  they  are  fine  grained.  Expected  yield",  of 
wells  in  the  alluvial  aquifers  will  range  generally  from  a 
few  gallons  per  minute  to  about  300  gallons  per  minute. 
In  many  areas,  yields  will  be  between  50  and  1 00  gallons 
per  minute.  Thus,  many  individual  wells  will  be  required 
to  provide  enough  water  for  even  relatively  small 
irrigation  systems,  and  in  many  localities  irrigation  from 
ground-water  sources  may  therefore  prove  infeasible. 

Areas  of  particular  concern  are  the  Perry  Creek  and 
Floyd  River  Basins  in  northwestern  Iowa  and  the  Platte 
River  Basin  of  northwestern  Missouri,  not  including  the 
Little  Platte  River  tributary  basin.  It  appears  that  the 
ultimate  area  to  be  irrigated  by  ground  water  will  be 
limited  to  not  more  than  10,000  acres  in  the  Perry  Creek 
and  Floyd  River  Basins  and  to  not  more  than  5,000 
acres  in  the  Platte  River  Basin. 
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PqiietkNtt  to  ground  water  in  thk  wMiaiin  were 
estimated,  as  in  the  Upper  IlfaMNin  and  YcBowsloae 
subbasins,  to  be  10  percent  of  aU  withdrawals,  with  iN) 
percent  being  direct  depletion  to  surface  stream  flow. 
thS  ndnor  allowance  for  ground-water  depletion  is  to 
recognize  that  some  of  the  outlyinf  areas  are  neither 
dosely  related  to  drainage  nor  possess  full  rechaife 
capabSity  and  must  therefore  depiele  the  existiiig 
ground-water  resource. 

^rface  water  available  is  also  sufficient  for 
die  developments  planned  in  this  subbasin. 


The  framework  plan  for  tlw  Kansas  Subbasin  is  aimed' 
at  meeting  the  water  and  related  land  requirements  of 
expanding  urban-industrial  develr^mena,  intensifyir^ 
and  stabilizing  agricultural  production  as  a conlinuii^ 
basis  for  the  subbasin’s  rural  economy,  and  enhancement 
of  the  subbasin’:,  environihental  qualitkit^m  support  of 
both  urban  and  rural  future  development.  Emphasis  has 
been  oh  best  iheeting  subbasin  requirements,  and  there 
has  been  little  or  no  need  in  plan  development  for 
compromise  among  objectives. 

Major  water-use  components  of  the  fraihework  plan 
for  the  Kansas  Subbasin  by  the  year  2020  are  as  follows; 


Multiple-purpose  reservoir  storage  in 
IS  large  and  1243  small  reservoirs, 
and  in  reservoirs  necessary  to 
regulate  water  imported  from  the 
Platte  River 

Single-purpose  reservoir  storage 
Public  systems  irrigation  development 
Private  irrigation  development 
From  surface  water 
From  ground  water 

Streamflow  withdrawals  for  municipal, 
industrial,  mineral,  and  rural 
domestic  use 

Streamflow  withdrawals  for  thermal 
powerplant  cooling 
Streamflow  withdrawals  by  land 
conservation  practices 
Streamflow  withdrawals  for  wetlands 
and  Ash  and  wildlife 


6.34 1.000  af 

137.000  af 

232.000  acres 

87.000  acres 

1 .898.000  acres 

78.000  af 

20.000  af 

88.000  af 

22.000  af 


The  water  supply  in  this  subbasin,  after  depletion  by 
the  1970-level  developments,  totals  about  4,154,000 
acre-feet.  The  listed  features  of  the  framework  plan,  and 
other  lesser  developments,  are  expected  to  deplete  the 
1970  water  supply  of  the  subbasin  by  912,000  acre-feet, 
as  shown  in  table  33.  Therefore,  net  depletions  by  the 
proposed  2020  developments  in  the  framework  plan  will' 
reduce  the  1970  water  supply  by  22%. 


As  of  1965,  an  estimated  1,449,000  acres,  or  some 
85  peiceitt,  were  irripted  from  ground-water  abuices;  an 
■AUtin— 1 254jOOO  acres,  «vere  irrigate  ftoin  surface 
waters,  primarily  Federal  multHiurpose  storage 
itmrvohs.  By  20X,  it  is  contemplated  that  over  7g 
percent  of  the  total  3,920j000  acres  to  be  irrigated  will 
be  arqpplied  by  ground  water.  However,  thu  extensive 
future  devdopment  will  resuh  in  ‘ininmg’*  of  the 
ground  water  in  msmy  areas.  Also,  the  effect  of  such 
extennve  grquiid-w*t"  withdrawab  will  hme  an  appre- 
ciable effect  on  stream  flow  de|xetions,  though  varyii« 
considetably  over  the  subba^.  Streamflow  depletion 
factors  applied  in  the  variout  hydrologic  idaruiing 
subdivisions  ranged  from  zero  to  30  percent  af  the 
ground  water  consumptively  used. 

In  the  western  po^n  of  the  subbasin,  where  many 
of  the  streams  are  intermittent,  the  ground-water  levels 
generally  are  below  stream  levels.  Here  ground  water 
extracted  from  the  undedying  aquifen  has  little  discer- 
nible effect  upon  streamflow.  The  large  amount  of 
ground  water  stored  beneath  these  uplands  may  be  used 
until  exhausted.  However,  once  exhausted,  it  would 
require  considerable  time  to  replenish  the  aquifers 
from  natural  recharge. 

In  the  uplands  of  the  Blue-River  Basin,  ground-water 
levels  in  the  principal  aquifers  are  generally  below  stream 
levels.  Ret^rge  to  the  aquifers  from  the  streams  is 
limited  a;(d  areas  of  dischaige  from  the  aquifers  gener- 
ally are  far  distant  from  the  recharge  areas.  Accord- 
ingly, pumping  of  ground  water  from  the  principal 
aquifers  has  a relatively  limited  effect  on  streamflows 
over  extended  periods  of  time.  Withdrawals  of  ground 
water  will  be  primarily  from  storage,  and  will  de-water 
the  aquifers  until  ultimately  they  will  no  longer  provide 
water  in  usable  and  economical  amounts. 

In  the  remainder  of  the  subbasin,  stresrnflbw  dep- 
letions due  to  ground-water  pumping  were  estimated  on 
a sliding-percentage  basis.  Curves  were  developed  to 
permit  estimating  of  current  streamflow  depletions 
which  would  apply  to  pre-1970  developments  and  to 
estimate  the  expected  depletions  likely  after  the  end  of 
the  planning  period  in  2020  (see  flgure  36).  Note  that 
the  curve  for  Irrigation-  and  livestock-water  pumping  is 
flatter,  because  it  usually  occurs  at  a considerable 
distance  from  the  streams  affected,  and  hence  takes  a 
longer  time  to  show  an  effect.  The  municipal  and 
industrial  ground-water  pumping  curve  is  steeper,  as 
these  withdrawals  are  generally  made  closer  to  the 
affected  streams,  resulting  in  more  rapid  streamflow 
depletions. 

Water  appears  to  be  available  from  which,  in  conjunc- 
tion with  planned  storage,  the  .surface  diversions  can  be 
made.  An  import  from  the  Platte  River  Basin  is  proposed 
which  will  bring  in  an  average  of  190,000  acre-feet 
anitually  by  the  year  2000  and  increase  to  500,000 
acre-feet  annually  by  2020.  The  disposition  of  these 
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FIGURE  3C 

StREAMFLOW  DEFUTKM  RATES 
FMOM  GROUNO-VMTER  PUMRINS 
KANSAS  RIVER  SASIN 


amounts,  in  average  annual  units  of  1,000  acre-feet, 
follows; 


Rewrvoir 

Average  Irrigation  Evapantfcm  Ground-Water  Stream 
Year  Imports  Depletion  loss  Recharge  Accretion 

2000  190.0  105.0  37.5  23.0  24.5 

2020  500.0  344.0  37.5  75.0  43.5 

In  the  following  depletion  tables,  delayed  streamflov 
depletions  are  estimated  for  a 20-year  period  beyond 
2020,  the  assumed  plan  completion  date.  These  esti- 
mates are  listed  under  streamflow  depletions  but  are 
shown  separately  as  a lag.  The  total  amount  for  the 
Kansas  Subbasin  is  376,000  acre-feet. 

Developments  in  the  subbasin  plan  will  cause  ground- 
water  depletions  by  2020  amounting  to  2,235,000 
acre-feet  above  the  1970  level  of  depletion.  Obviously, 
depletions  at  this  rate  cannot  be  continued  indefinitely. 
Although  the  ground-water  resources  uf  the  subbasin  are 
considered  great  enough  to  permit  the  planned  develop- 
ments, cut-backs  in  the  use  of  ground  water  will  ho 
necessary  sometime  after  2020. 

It  is  considered  that  surface-water  supplies  are  ade- 
quate for  the  planned  developments,  but  that  the 
planned  imports  are  an  essential  component  of  the 
supply. 

Lower  Minouri  Subbasin 

The  framework  plan  for  the  Lower  Missouri  Subbasin 
is  aimed  at  meeting  the  water. and  related  land  require- 


ments of  the  subbasin’s  extensive  and  growiiig  urban- 
industirial  development,  intensifyii^  and  stabilizing 
agricultural  production  in  the  rural  areas  of  the  subbasin, 
^ enhanceihent  of*  the  subbasin’s  environmental  quali- 
ties in  support  of  both  urban  and  rural  future  develop- 
ment. Emphasis  has  been  on  best  meetir^  subbasin 
requirements,  and  there  ius  been  only  limited  need  for 
compromise  between  the  objectives  of  national  ef- 
ficiency and  regional  economic  and  social  enhancement 
on  the  one  hand  and  the  objective  of  environmental 
enhancement  on  the  other. 

iMrgor  water-use  components  of  the  framework  plan 
for  the  Lower  Missouri  l^bbasin  by  the  year  2020  are  as 
follows: 


Multiple-purpose  reservoir  storage  in 
26  large  and  979  small  reservoirs 
Single-purpose  reservoir  storage 
Public  i^stems  irrigation  development 
Private  irrigation  development 
From  surface  water 
From  ground  water 

Streamflow  withdrawals  for  municipal, 
industrial,  mineral,  and  rural 
domestic  use 

Streamflow  withdrawals  for  thermal 
powerplant  cooling 
Streamflow  withdrawals  by  land 
conservation  practices 
Streamflow  withdrawals  for  wetlands' 
and  fish  and  wildlife 


12.604,000  af 

658.000  af 

0 acres 

558.000  acres 

4 1 2.000  acres 

614.000  af 

350.000  af 

20.000  af 

1 9.000  af 


The  water  supply  m this  subbasin,  after  depletion  by 
the  1970-level  developments,  totals  about  17,263,000 
acre-feet.  The  listed  features  of  the  framework  plan,  and 
other  lesser  developments,  are  expected  to  deplete  the 
1970  water  supply  of  the  subbasin  by  1,588,000 
acre-feet,  as  shown  in  table  34.  Therefore,  net  depletions 
by  the  proposed  2020  developments  in  the  framework 
plan  will  reduce  the  1970  water  supply  by  9%. 

Ground-water  supplies  in  the  Lower  Missouri  Sub- 
basin generally  are  adequate  for  the  ground-water 
developments  included  in  the  subbasin  plan.  A. possible 
exception  exists,  however,  in  the  Blackwater-Lamine 
Rivers  drainage  area  where  planned  irrigation  develop- 
men*  may  be  somewhat  greater  than  can  be  supported 
on  a permanent  basis  by  ground  water  in  storage  and 
available  short-term  streamflow.  Potential  ground-water 
developments  in  this  area  will  require  careful  investiga- 
tion. Throughout  the  subbasin,  withdrawals  of  ground 
water  usually  will  be  reflected  rather  quickly  in  stream- 
flow  depletions  because  of  the  relatively  rapid  recharge 
from  streamflow,  and  neither  permanent  ground-water 
depletions  nor  appreciable  lag  in  streamflow  depletion, 
because  of  ground-water  use,  are  anticipated. 
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Surface  utter  available  abo  it  sufficient  for  fdanned 
develo|Mnents. 

DEPLETIONS 

Streamflow  and  ground-water  depletions  that  will 
result  from  the  water  resource  developments  included  in 


the  framework  |dans  have  been  estimated,  by  type  of 
depletion,  for  e^  of  the  eight  subbasins  and  for  the 
Minouri  Basin  as  a whole.  These  estimated  de|detions 
M listed  in  tables  22  throu^  34.  The  first  four  ^umns 
under  the  heading  “Streamflow”  represent  estimated 
depletions  to  streamflow,  including  the  effect  that 
ground-water  pumping  is  estimated  to  have  on  that 
streamflow.  This  ground-water  pumpng  effect  is  very 


Table  22  - AVERAGE  ANNUAL  DEPLETIONS  MISSOURI  BASIN 


Avetaae  Aaiwal  PepletioM  hi  Thou  and  Acte-Fcet* 


lypeofUae 

lOlU 

hiioo^ 

Streamflow 

Groundwater 

1970" 

1980 

2000 

2020 

1980 

2000 

2020 

Cropland  Irrigation  - Full  Service 

\ 

2117.6 

5097.7 

8789.6 

790.1 

1239.4 

2269.5 

4083.6 

>8141 

Cropland  Irrigation  - Supplemental 

310.0 

636.0 

850.7 

39.9 

27.0 

44.0 

35.5 

Irrigation  Systems  Rehabilitation 

-5 

-40.4 

•106.1 

-178.2 

Municipal  and  Rural  Domestic  Use 

210 

305.7 

552.6 

887.9 

59.4 

10.9 

28.0 

52.8 

Industrial  and  Mineral 

140 

258.3 

417.9 

753.6 

5.0 

0.2 

0.5 

1.3 

Thermal-Electric  Power 

37 

84.9 

314.1 

556.0 

2.3 

1.2 

3.4 

4.9 

Large  Reservoir  Evaporation 

1818 

392.1 

753.3 

1045.6 

Small  Reservoir  Evaporation 

313 

288.8 

541.5 

712.6 

Minor  Ponds  Evaporation 

824 

133.6 

426.1 

664.1 

Livestock 

303 

172.0 

368.5 

635.0 

52.2 

46.2 

96.2 

157.5 

Watershed  Treatment  and  Protection 

340 

154.1 

422.1 

711.2 

Wetlands  and  FWL  Areas 

200 

144.6 

236.4 

380.0 

Exportations 

0 

410.6 

1131.6 

2044.8 

Forestry  Management 

-82 

•116.9 

•399.1 

•436.6 

Importations 

•542 

•104.5 

•337.0 

•337.0 

Ground-water  Re'harge 

0 

... 

... 

0 

•23.0 

•75.0 

Precipitation  Management 

0 

•202.6 

•563.4 

•1270.0 

Conversi^  from  Rural  to  Urban 

0 

•50.0 

-80.0 

•135.0 

Mis^uri  Basin 

11697 

4257.9 

9412.2 

15674.3 

948.9 

1324.9 

1 

2418.6 

4260.6 

I Cumulative  depictionii  above  1970  Level. 

^Expected  additional  atream  depletion  30  yean  later  (3040)  from  ground-water  pumping. 


Table  23  - AVERAGE  ANNUAL  DEPLETIONS  UPPER  MISSOURI  SUBBASIN 


Average  Annual  Depletiona  in  Thouiand  Acre-Feet' 


Type  of  Use 

Streamflow  , | 

Ground  Water 

1980 

2000 

2020 

Lag’ 

1980 

2000 

2020 

Cropland  Irrigation  - Full  Service 

263.0 

512.2 

671.2 

0.3 

2.6 

4.5 

Cropland  Irrigation  - Supplemental 

43.0 

116.0 

150.5 

0.1 

1.0 

1.5 

Irrigation  Systems  Rehabilitation 

0 

0 

0 

Municipal  and  Rural  Domestic  Use 

11.4 

24.0 

30.7 

1.3 

2.4 

2.9 

3.5 

Industrial  and  Mineral 

0 

0 

0 

Thermal-Electric  Power 

4.4 

19.1 

45.4 

Large  Reservoir  Evaporation 

31.7 

70.0 

77.6 

Small  Reservoir  Evaporation 

8.0 

17.7 

34.5 

Minor  Ponds  Evaporation 

4.1 

14.8 

24.1 

Livestock 

11.5 

24.2 

42.2 

0.2 

0.6 

■ 1.3 

2.2 

Watershed  Treatment  and  Protection 

8.4 

25.8 

42.9 

Wetlands  and  FWL  Areas 

15.3 

60.8 

92.9 

Forestry  Management 

-13.0 

-42.0 

-70.5 

Importations 

0 

0 

0 

E.Nportalions* 

0 

45.0 

45.0 

Precipitation  Management 

-19.6 

-78.4 

•196.0 

Total  for  Upper  Missouri  Subbasin 

368.2 

809.2 

990.5 

1.9 

3.0 

7.8 

11.7 
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'Above  1970  Level  of  l>epletion 
^Upstream  depletion  of  Milk  Kiver  by  Canada. 

^Expected  additional  stream  depletion  20  years  later  (2040)  from  ground-water  pumping. 


Table  24  - AVERAGE  ANNUAL  DEPLETIONS  YELLOWSTONE  SUBBASIN 


Amafe  AmMi  Deeletioni in  Thoanind  Acre-Feet' 


lypcof  uk 

1 Stream  flow  | 

1 Gfoaiid  Water 

KUi 

2000 

2020 

Oopland  Irrigation  - Full  Service 

272.5 

683.6 

975.6 

1.5 

4.6 

6.1 

Cropland  irrigation  - Supplemental 

53.4 

102J 

122.0 

Irrigation  Systems  Rehabilitation 

-19.4 

-44J 

-64.2 

Municipal  and  Rural  Domestic  Use 

124.7 

106.0 

116.0 

0.1 

O.S 

1.0 

1.6 

Industrial  and  Mineral 

195.4 

3.55.2 

694.7 

Thermal-Electric.  Power 

7.6 

41.6 

87.8 

Large  Reservoir  Evaporation 

11.0 

21.7 

62.1 

Small  Reservoir  Evaporation 

17.9 

37.3 

43.4 

Minor  Ponds  Evaporation 

17.8 

35.2 

30.8 

Livestock 

10.5 

23.7 

40.0 

0.1 

0.2 

0..5 

0.9 

Watershed  Treatment  and  Protection 

4.5 

10.4 

16.8 

Wetlands  and  FWL  Areas 

11.2 

26.9 

49.0 

forestry  Management 

-45.0 

-136.0 

•145.0 

Importations 

0 

0 

0 

Exportations 

0 

0 

0 

Precipitation  Management 

-89.0 

-267.0 

-536.0 

Total  for  Yellowstone  Subbasin 

573.1 

996.6 

1493.0 

0.7 

2.2 

6.1 

8.6 

* Above  1970  Level  of  Depletions. 

^Expected  additional  stream  depletion  20  years  later  (2040)  from  ground-water  pumping. 


Table  25  - AVERAGE  ANNUAL  DEPLETIONS  WESTERN  DAKOTA  SUBBASIN 


Aver^  Annual/Pepletioni In  Thouwnd  Acre-Feet* 


Type  of  Use 

1 Strctmftow  1 

1 Ground  Water 

1980 

2020 

LagJ 

1980 

2020 

Cropland  Irrigation  - Full  Service 

215.0 

455.0 

818.0 

104.0 

7.0 

39.0 

121.0 

Cropland  Irrigation  - Supplemental 

0 

0 

0 

Irrigation  Systems  Rehabilitation 

1.0 

2.0 

5.0 

Municipal  and  Rural  Domestic  U.sc 

3.0 

6.0 

9.0 

12.0 

4.0 

8.0 

15.0 

Industrial  and  Mineral 

0 

0 

0 

Thermal-Electric  Power 

15.0 

30.0 

53.0 

1 

1 

Large  Reservoir  Evaporation 

1.0 

28.0 

30.0 

Small  Reservoir  Evaporation 

75.0 

143.0 

186.0 

Minor  Ponds  Evaporation 

3.0 

lO.ti 

15.0 

Livestock 

13.0 

26.0 

45.0 

16.2 

6.0 

12.0 

20.0 

Watershed  Treatment  and  Protection 

20.0 

63.0 

112.0 

Wetlands  and  FWL  Areas 

0 

0 

0 

Fore-slry  Management 

0 

-8.0 

•8.0 

Importations 

0 

0 

0 

Exportations 

0 

0 

0 

Precipitation  Management 

0 

0 

0 

Total  for  Wc.stcrn  Dakota  Subbasin 

346.0 

755.0 

1265.0 

132.2 

17.0 

59.0 

156.0 

'Above  1 970  Level  of  Depletions. 

^Expected  additional  stream  depletion  20  years  later  (2040)  from  ground-water  pumping. 
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Table  26  - AVERAGE  ANNUAL  DEPLETIONS  EASTERN  DAKOTA  ^BBASIN 


AwBg»AiawMiI)tyibtloathTli|WMaad  Ab^ 


lypeof  Uw^ 

fhii— Ann 

1 

1 

B'trw 

2000 

2020 

iV 

1980 

2000 

Qdplaiid  Inigatidn  - Full  Service 

224.6 

803.4 

1910.6 

15;4 

49.4 

102.3 

Cfopfaind  Iniintion  - Supplemental 

0 

0 

0 

Inflation  Systems  RehabiUtation 

0 

0 

0 

Municipal  ^ Rural  Domestic  Use 

9.0 

16.1 

23.7 

0.8 

1.0 

2.1 

IndiistM  and  Minenl 

0 

0 

0 

Thermal-Electric  Power 

‘ 5.0 

36.0 

Laife  Reseivoir  Evaporation 

82.1 

99.8 

SmaD  Reservoir  Evaporation 

8.6 

15.8 

Minor  Ponds  Evaporation 

0 

14.8 

Uvesiock 

23.5 

.52J 

91.5 

Watershed  Treatment  and  Protection 

10.0 

33.0 

71.0 

Wetlands  and  FWL  Areas 

60.7 

64.3 

148.9 

Forestry  Management 

0 

0 

0 

Importations 

0 

0 

0 

Exportations^ 

410.6 

1086.6 

1999.8 

Ptecipitation  Managemei  t 

0 

0 

0 

Total  for  Eastern  Dakota  Subbasin 

834.1 

2185.7 

4411.9 

16.2 

50.4 

104.4 

* Above  i970  Level  of  Depletione. 

^ Account!  for  both  initial  and  ultimate  ftafea  of  the  Garriion  Divertion  Unit,  Oahe  Diversion  Unit,  other  Federal  and  private 
irrigation  units  diverting  from  the  Miuouri  River,  and  return  flow  to  the  Missouri  River:  1980  2000  2020 

776.0  2022.6  4047.4 

3 Export  to  Souris  and  Red  Rivers  via  Garrison  Diversion  Unit. 

' Expected  additional  stream  depletion  20  years  later  (2040)  from  ground-water  pumping. 
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Table  27  - AVERAGE  ANNUAL  DEPLETIONS  PLATTE  NIOBRARA  SUBBASIN; 


Avew|c  Arniutd  Depletlona  In  HiouMitd  Acie-Peet* 


Type  of  Use 

1 Streamflow . 1 

1 Ground  Watei 

1980 

La,^ 

1980 

2020 

Cropland  Irrigation  - Full  Service 

nripm 

1469.8 

318.9 

318.7 

756.8 

Cropland  Irrigation  - Supplemental^ 

213.6 

578.2 

39.8 

27.0 

43.0 

Irrigation  Systems  Rehabilitation 

•58.9 

-110.2 

Municipal  and  Rural  Domestic  Use 

283.5 

453.3 

• 31.5 

0.4 

8.9 

20.2 

Industrial  and  Mineral 

54.5 

48.5 

33.2 

Thermal-Electric  Eower 

15.4 

61.6 

99.1 

Large  Reseivoir  Evaporation 

77.1 

176.3 

342.5 

Small  Reseivoir  Evaporation 

77.3 

109.4 

Minor  Ponds  Evaporation  • 

5.6 

111.8 

Livestock 

31.5 

62.5 

98.4 

21.1 

26.5 

54.5 

87.6 

Waterdud  Treatment  and  Protection 

24.6 

73.7 

123.2 

Wetlands  and  FWL  Areas 

4.9 

4.9 

8.1 

Forestry  Management 

•58.9 

•213.1 

•213.1 

Importations 

•104.5 

•337.0 

-337.0 

Exportations'* 

0 

190.0 

500.0. 

Conversion  from  Rural  to  Urban 

•50.0 

•80.6 

-135.0 

Precipitation  Management 

•94.0 

•218.0 

•538.0 

Total  for  Platte-Niobrara  Subbasin 

927.4 

1661.7 

2593,7' 

411.3 

372.6 

863.2 

1496.8 

I Above  1970  Level  of  Depletions.  Includes  depletions  in  Tables  28,  29,  30,  and  31. 

^ Expected  additional  stream  depletion  20  years  later  (2040)  from  ground-water  pumping. 
^ Includes  future  streamflow  depletion  from  pre-t  970  ground-water  developments. 

^ To  Kansas  Subbasin. 
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Table  28  - AVERAGE  ANNUAL  DEPLETIONS  NORTH  PLATTE  RIVER 


Ath^  Aaawl  Depletioiw  ia  IlioiiiMid  Acre-Feet* 


lypcofUK 

1 Streuniflow  -1 

Ground  Water 

1980 

2000 

2020 

Lag* 

1980 

2000 

2020 

Cropland  Irri^tion  - Full  Service 

24.0 

89.0 

96.0 

4.6 

21.0 

39.0 

34.0 

Cropland  Irrigation  - Supplemental 

38.3 

106.0 

181.5 

5.3 

27.0 

43.0 

34.0 

Irr^tkm  Sy^cmt  Rehabilitation 

-4.4 

-11.7 

-21.9 

Municipal  and  Rurai  nomestic  Use 

7.3 

12.0 

20.1 

Indust^  and  hfineral 

47.0 

43.0 

30.0 

Ihennal-Electric  Power 

2.1 

12.8 

21.4 

Large  Reservoir  Evaporation 

0 

14.0 

44.0 

Small  Reservoir  Evaporation 

8.2 

24.4 

36.0 

Minor  Ponds  Evaporation 

0 

2.3 

8.1 

Livestock 

3.7 

7.4 

11.6 

0.9 

3.2 

6.4 

10.5 

Watershed  Treatment  and  Protection 

4.7 

14.2 

24.0 

WeUandsatidFWL  Areas 

1.3 

1.3 

1.8 

Forestry  Manaj^ent 

-39.3 

-142.0 

-142.0 

Importations 

0 

0 

0 

Exportations 

0 

0 

0 

Precipitation  Management 

-70.0 

-145.0 

-295.0 

- ....  - - , 

- 

Total  for  North  Platte  River 

22.9 

27.7 

15.6 

10.8 

51.2 

78.5 

I*  Above  1970  Level  of  Depletions 

^ Expected  additional  stream  depletion  30  years  later  (3M0)  from  ground-water  pumping. 


Table  29  - AVERAGE  ANNUAL  DEPLETIONS  SOUTH  PLATTE  RIVER 


Aveme  Annuil  Depletloni  in  HiouMnd  ACTe-Fect* 


Type  of  Use 

Streamflow 

Ground  Water 

1980 

2000 

2020 

Ug’ 

1980 

2000 

2020 

Cropland  Irrigation  - Full  Service 

105.0 

118.0 

133.0 

4.2 

17.7 

29.0 

43.0 

Cropland  Irrigation  - Supplemental 

60.8 

111.5 

176.4 

Irrigation  Systems  Rehabilitation 

-11.1 

-29.6 

-55.5 

Municipal  and’Rural  Domestic  Use 

97.0 

255.8 

404.2 

Industrial  and  Mineral 

7.5 

5.5 

3.2 

Thermal-Electric  Power 

10.5 

37.6 

61.3 

Large  Reservoir  Evaporation 

17.9 

50.5 

93.5 

Small  Reservoir  Evaporation 

9.8 

16.7 

17.8 

Minor  Ponds  Evaporation 

4.1 

46.0 

72.0 

10.5 

17.0 

Livestock 

-6.1 

12.1 

19.0 

1.4 

5.1 

Watershed  Treatment  and  Protection 

6.2 

18.5 

30.8 

Wetlands  and  FWL  Areas 

2.3 

2.3 

2.3 

Forestry  Managcmen' 

-19.6 

-71.1 

-71.1 

Importations 

-104.5’ 

-337.0 

-337.0 

Conversion  from  Rural  to  Urban 

-50.0 

-80.0 

•135.0 

Precipitation  Management 

-24.0 

-73.0 

-243.0 

Total  for  South  Platte  River 

118.0 

83.8 

171.9 

5.6 

22.8 

39.5 

60.0 

1 

2 

3 


Above  1970  Level  of  Depletion. 

Expected  additional  stream  depletion  20  years  later  (2040)  from  ground-water  pumping. 
Imports  from  Colorado  River  watershed:  To  Denver  Area  To  Cheyenne  Area 


Homestake 

33.6 

Little  Snake 

Blue 

37.9 

Moffat 

23.0 

10.0 
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Table  30  - AVERAGE  ANNUAL  DEPLETIONS  LOUP  ELKHORN  LOWER  PLATTE  RIVERS 


Avenge  AmimI  PtpletioMiBTfconid  Acie-Peet' 


iy,-wori)ee 

Stnandow 

Ground  Water 

I9M 

2000 

3020 

1980 

3000 

2020 

C^roplahdlrrigatidH-'Pttil  Service  . 

440.S 

718.S 

1026.3 

295.7 

204.0 

593.0 

1159.0 

Cropbnd  irrigatiori  - Spipplemental^ 

107.0 

189.0 

206.S 

32.0 

Irrigation  Systems  RehabiUtation 

-64 

-17.6 

•32.8 

Munici^  and  Rural  Domestic  Uk 

6.1 

14.7 

27.8 

31. i 

0 

8.0 

18.9 

Industrial  and  Mineral 

0 

0 

0 

Thermal-Electric  Power 

2.8 

11.2 

16.4 

Large  Reservoir  Evaporation 

39.7 

72.3 

1624 

Small  RcKfvoir  Evaporation 

13.0 

36.2 

S4.6 

Minor  Ponds  Evaporation 

1.3 

10.3 

26.7 

Livestock 

17.4 

34.6 

54.5 

15.1 

14.7 

30.2 

48.4 

Watershed  Treatment  and  Protection 

11.0 

32.9 

54.9 

Wetlands  and  FWL  Areas 

1.3 

1.3 

4.0 

Forestry  Management 

0 

0 

0 

Importations  (From  Niobrara  subarea) 

0 

-ISO.O 

-230.0 

Exportations  (To  Kansas  Subbasin) 

0 

190.0 

500.0 

Precipitation  Management 

0 

0 

0 

Total  for  Loup-Elkhom-Lower 

Platte  Rivers 

633.6 

1143.4 

1871.4 

373.9 

218.7 

631.2 

1226.3 

* Above  1970  Level  of  Depletion. 

^ Expected  additional  stream  depletion  30  years  later  (2040)  from  ground-water  pumping. 
^ Includes  future  streamflow  depletion  from  pre-1970  ground-water  developments. 


Table  31  - AVERAGE  ANNUAL  DEPLETIONS  NIOBRARA  RIVER 


• Avenge  Annail  Depletions  In  TltousaiKl  Acre-Feet* 


Type  of  Use 

SIrfitmflow 

Ground  Water 

1980 

3000 

3020 

Ug5 

1980 

2000 

2020 

Cropland  Irrigation  - Full  Service 

118.5 

186.8 

214.5 

14.4 

76.0 

95.8 

119.0 

Cropland  Irrigation  - Supplemental^ 

7.5 

11.0 

13.8 

2.5 

Irrigation  Systems  Rehabilitation 

0 

0 

0 

Municipal  and  Rural  Domestic  Use 

0.2 

1.0 

1.2 

0.4 

0.4 

0.9 

1.3 

Industrial  and  Mineral 

0 

0 

0 

Thermal-Electric  Power 

0 

0 

0 

Large  Reservoir  Evaporation 

19.5 

39.5 

42.5 

Small  Reservoir  Evaporation 

0 

0 

1.0 

Minor  Ponds  Evaporation 

0.2 

2.0 

5.0 

Livestock 

4.3 

8.4 

13.3 

.3.7 

3.5 

7.4 

11.7 

Watershed  Treatment  and  Protection 

2.7 

8.1 

13.5 

Wetlands  and  FWL  Areas 

0 

0 

0 

Forestry  Management 

0 

0 

0 

Importation" 

0 

0 

0 

E.xportations  (To  Elkhotn) 

0 

150.0 

230.0 

Precipitation  Management  * 

0- 

0 

0 

Total  for  Niobrara  River 

152.9 

406.8 

534.8 

21,0 

79.9 

104.1 

132.0 

I Above  1970  Level  of  Depletions. 

^ Expected  additional  depletion  30  years  later, 

3 Supplemental  irrigation  plus  depletion  for  pre-1970  ground-water  irrigation  development. 


134 


Table  32  - AVERAGE  ANNUAL  DEPLETIONS  MIDDLE  MISSDURI  SUBBASIN 


Amtge  Aeeeil  Ptfiletioei  ia  HKWiMai  Acie-Pcet* 


lypeofUae 

Sittaa 

■flaw 

1 GnMndWaler 

MSHM 

2020 

UR* 

K3i 

2020 

Cropland  irrigation  - Full  Service 

217.5 

770.1 

1527.4 

9.4 

21.7 

75.5 

128.2 

Cropland  Irrigation  - Supplemental 

0 

0 

0 

Irr^tion  Systems  Rehabilitation 

0 

0 

0 

Municipa)  and  Rural  Domestic  Use 

22.0 

65.0 

1.2 

1.6 

2.9 

4.8 

Industrial  and  Mineral 

0 

■eih 

0 

Thermal-Electric  Power 

13.5 

53.7 

83.5 

Large  Reservoir  Evapoiation 

46.1 

66.8 

100.7 

Small  Reservoir  Evaporation 

25.8 

52.2 

71.0 

Minor  Ponds  Evaporation 

45.7 

93.3 

163.3 

Livestock 

34.9 

76.3 

131.6 

1.0 

2.2 

4.1 

Waterdied  Treatment  and  Protection 

46.7 

141.7 

237.5 

Wetlands  and  FWL  Areas 

27.1 

40.6 

Forestry  Management 

0 

0 

0 

Importations 

0 

0 

0 

Exportations 

0 

0 

Precipitation  Management 

0 

0 

Total  for  Middle  Missouri  Subbasin 

479.3^ 

1334.7^ 

2420.6^ 

10.9 

24.3 

80.6 

■ 137.1 

* Above  1970  Level  of.Depletions. 

^ Expected  additionil  xtream  depletion  20  yean  later  (2040)  from  ground-water  pumping. 

^ Includes  depletions  served  by  the  Main  Stem  of  Missouri  River  in  incremental  amounts  of:  200,7  in. 1980,  S04.S  in  2000,  and 
SS2.2  in  2020;a  total  of  I2S7.S  above  the  1970-level  in  2020.  Subbasin  depletions  above  the  1970-level  in  2020  are  1 163.1, 


Table  33  - AVERAGE  ANNUAL  DEPLETIONS  KANSAS  SUBBASIN 


Avecage  Annual  PepletioBS  in  Thousand  Acie-Feet* 


TypeofUse 

1 Stretmflow  1 

1 Ground  Water 

1980 

2020 

Ug* 

1980 

I'-'ViiM 

Cropland  Irrigation  - Full  Service 

97.7 

403.1 

826.0 

341.6 

1288.7 

2257.2 

Cropland  Irrigation  - Supplemental 

0 

0 

0 

Irrigation  Systems  Rehabilitation 

0 

4.7 

'8.8 

HIH 

Municipal  and  Rural  Domestic  Use 

5.0 

12.8 

26.0 

12.5 

2.2 

4.0 

Industrial  and  Mineral 

0.4 

1.2 

3.7 

5.0 

0.5 

1.3 

Thermal-Electric  Power 

9.2 

26.0 

41.9 

2.3 

3.4 

4.9 

Large  Reservoir  Evaporation 

40.7 

109.7 

147.4 

Small  Reservoir  Evaporation 

51.7 

80.1 

100.0 

Minor  Ponds  Evaporation 

16.7 

76.1 

109.1 

Livestock 

13.1 

30.3 

57.3 

14.3 

11.9 

25.7 

42.7 

Watershed  Treatment  and  Protection 

23.1 

55.6 

87.7 

Wetlands  and  FWL  Areas 

11.1 

21.7 

21.7 

Importations 

0 

-IW.O 

•500.03 

Ground-water  and  Stream  Recharge'* 

0 

1-24.51 

1-43.51 

0 

-23.0 

-75.0 

Exportations 

0 

0 

0 

Precipitation  Management 

0 

0 

0 

Total  for  Kansas  Subbasin 

268.7 

621.9 

912.0 

375.7 

855.4 

1297.5 

2235.1 

I Cumulative  depletions  above  1 970  level. 

^ Expected  additional  stream  depletion  20  years  later  (2040)  from  ground-water  pumping. 

3 Imports  disposition:  Irrigation  344.0,  Evap.  37.S,  Gfuund-water  Recharge  7S.0,  Stream  Accretion  43.S. 

4 Bracketed  numbers  are  non-additive. 
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Table  34  - AVERAGE  ANNUAL  DEPLETIONS  LOWER  MISSOURI  SUBBASIN 


I 


I 


Awe^tAewMlDtpl^tioiwieTlioeM^  AcwPeX* 


lypeofUie 

Stie— Mow 

GsoumlWaler 

I9M 

2000 

2020 

mrrmmTummrjKm 

Cropland  Inigation  - Full  Seivioe 

139J 

3S8.0 

591.0 

Cropland  IniBation  - Supplemental 

0 

0 

0 

hri^tion  Systems  Rehal^tation 

0 

0 

0 

• 

Ground-water  withdrawals  may 

Municipal  and  Rural  Domestic  Use 

20.0 

64.2 

164.2 

temporardy  deplete  the  water 

-iridustriai  and  Mineral 

13.0 

22.0 

taUes,  but  full  restoration  may 

Thermal-Electric  Power 

U.8 

66.3 

109.3 

be  expected  within  1 or  2 years 

Large  Reservoir  Evaporation 

18SJ 

185.5 

owing  to  the  significant  riunfall. 

SmaO  Reservoir  Evaporation 

121.6 

152.5 

Because  ground  water  cannot  be 

Minor  Ponds  Evaporation 

129.7 

195.2 

permanently  mined  in  these 

Livestock 

34.0 

73.0 

129.0 

tributary  streams,  no  depletion 

Watershed  Treatment  and  Protection 

16.8 

18.9 

20.1 

is  assigned  to  ground  water,  and 

Wetlands  and  FWL  Areas 

14.3 

17.2 

18.8 

all  expected  depletions  will 

Forestry  Management 

0 

0 

0 

directly  diminish  the  local 

Importations 

0 

0 

0 

streamflow. 

Exportations 

0 

0 

0 

Precipitation  Management 

0 

0 

0 

Total  for  Lower  Missouri  Subbasin 

461.1 

1047.4 

1587.6 

V 

* Above  1970  Level  of  Depletions. 


I minor  except  in  the  Platte-Niobrara  and  Kansas  Sub-* 

r basins.  The  last  three  columns  of  each  table  under  the 

I heading  “Ground  Water”  represent  depletions  to  the 

I ground-water  aquifer,-  that  is,  “mining”  of  the  ground- 

I water  resource.  Table  35  summarizes  total  depletions  for 

1 all  water  uses  by  development  periods  and  subbasins  and 

I at  selected  locations  on  the  main  stem  of  the  Missouri 

I River.  Depletions  shown  are  for  the  framework  plan  to 

I meet  the  projected  needs  and  do  not  consider  possible 


budgetary  constraints  or  any  changes  in  economic 
projections. 

Streamflow*  ‘depletions  for  the  Missouri  Basin  as  a 
whole  are  also  summarized  by  water-use  categories  in 
figure  37.  Figure  38  illustrates  the  growth  of  depletions 
since  1865  and  the  expected  future  growth  through 
2020.  Also  shown  Is  the  remaining  water  supply  at  the 
mouth  of  the  Missouri  River,  after  allowances  are  made 
for  depletion  effects. 


I 

I 
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Table  35  SUMMARY  OF  AVERAGE  ANNUAL  STREAMFLOW  DEPLETIONS  AT  SELECTED  LOCATIONS 


Location 

Incrementgl  For  Period  Shown 

1910 

to 

1970 

Total 

1910 

to 

2020 

Total 

— 

1865 

to 

2020 

Total 

1865  > 
to 

1910 

1910 

to 

1949 

1949 

to 

1970 

1970 

to 

1980 

1980 

to 

2000 

2000 

to 

2020 

Cniouund  Acre-Feet) 

Missouri  River  at  Fort  Peck  Dam 

— 

657.2* 

465.4 

280.0 

424.0 

1122.6 

1872.6 

Upper  Missouri  Sibbasin 

... 

673.2 

585.1 

368.2 

441.0 

181.3 

1258.3 

2248.8 

Yellowstone  Subbasin 

— 

268.9 

361.0 

573.1 

423.5 

496.4 

629.9 

2122.9 

Missouri  River  at  Williston,  N.D. 

— 

942.1 

946.1 

941.3 

864.5 

677.7 

1888.2 

4371.7 

Missouri  River  at  Garrison  Dam 

956.5 

1573.5 

1528.6 

1766.9 

2141.4 

2530.0 

7966.9 

Missouri  River  at  Oahe  Dam 

— 

990.7 

2277.9 

1988.7 

2561.3 

3239.6 

3268.6 

11058.2 

Missouri  River  at  Big  Bend  Dam 

— 

998.2 

2362.2 

2003.7 

2562.3 

3242.6 

3360.4 

11169.0 

Missouri  River  at  Fort  Randall  Dam 

— 

1023.9 

2522.4 

2070.7 

2571.3 

3254.6 

3546.3 

11442.9 

Missouri  River  at  Gavins  Point  Dam 

— 

1030.3 

2665.1 

2223.6 

2825.2 

3382.6 

3695.4 

12126.8 

Western  Dakota  Subbasin 

... 

46.9 

318.6 

346.0 

409.0 

510.0 

365.5 

1630.5 

Eastern  Dakota  Subbasin 

— 

49.3 

266.2 

834.1 

1351.6 

2226.2 

315.5 

4727.4 

Missouri  River  at  Sioux  City,  la. 

2721.3 

1038.9 

2772.0 

2267.5 

2886.7 

3571.0 

3810.9 

12536.1 

15257.4 

Missouri  River  at  Omaha,  Nebr.. 

— 

1049.8 

2843.3 

2482.5 

3236.7 

■11 

3893.1 

13658.3 

Platte  Subbasin  (only)^ 

... 

140.3 

762.6 

774.5 

480.4 

902.9 

2961.8 

Misiiouri  River  at  Nebraska  City 

— 

1 192.7 

3666.9 

3257.0 

3717.1 

■F  'Vn^l 

4859.6 

16683.7 

Middle  Missouri  Subbasin 

... 

32.1 

347.2 

479.3 

855.4 

■li 

379.3 

2799.9 

Kan.sa$  Subbasin  (only) 

— 

28.1 

767.5 

268.7 

353.2 

H JilB 

795.6 

1707.6 

Missouri  River  at  Kansas  City,  Mo. 

— 

1239.4 

4649.3 

3794.8 

4571.0 

MS  oiiEl 

5888.7 

20005.4 

Missouri  River  at  Boonville,  Mo. 

... 

1265.6 

4753.7 

4051.9 

4902.3 

6025.1 

6019.3 

20998.6 

Missouri  River  at  Hermann,  Mo. 

5548.5 

1280.9 

4867.8 

4257.9 

5154.3 

6148.7 

21823.0 

27371.5 

Lower  Mitssouri  Subbasin 

... 

41.5 

218.5 

461.1 

586.3 

■aiaH 

260.0 

1847.6 

1 Avnilable  for  this  lime  period  at  Sioux  City  and  Hermann  only. 

2 Includes  Fort  Feck  Reservoir  evaporation  of  441,000  acre-feel  per  year. 

3 Hxcludes  Niobrara  Basin  depletions. 
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rWUNE  S7 

STREAHrLOW  OCnfTIONS  lY  «MTER  USE,  IS6S->2020 


FIGURE  36 

AVERAGE  ANNUAL  WATER  SUPPLY  AND  DEPLETIONS 
TOTAL  MISSOURI  BASIN,  I86S-2020 


Itto  10  ItOO  iO  40  «0  10  tOOO  20 

YEAN 


WATER  AVAILABILITY  AND  USE  BY 
DEVELOPMENT  PERIODS  AND 
SUBBASINS 


The  detailed  streainflow  depletion  data  in  tables  22 
through  35  illustrate  the  depleting  effects  of  proposed 


water-resource  developments,  but  do  not  indicate  the 
degree  to  wliich  each  subbasin’s  water  supply  is  utilized 
or  the  magnitude  of  the  remaining  water  supply. 
Figure  39  has  been  prepared  to  illustrate  these  aspects  of 
the  framework  plan. 

The  depletion  totals  listed  in  tables  22  through  35 
represent  net  depletions  by  development  periods,  utili- 
zing “made”  water  to  offset  exports  and  consumptive 
use.  “Made”  water  in  this  context  represents  additions 
to  each  subbasin’s  normal  water  supply  by  imports, 
precipitation  management,  forestry  management,  and 
conversion  of  land  use  from  rural  to  urban.  Figure  39 
indicates  the  degree  of  utilization  of  the  water  supply 
originating  in  each  subbasin.  This  assumes  that  “made” 
water  will  be  available,  as  projected,  to  offset  depletions. 
Figure  39  indicates  that  by  the  year  2020  proposed 
projects  deplete  less  than  half  the  available  water  supply 
in  the  Upper  Missouri,  Yellowstone,  Eastern  Dakota, 
Middle  Missouri,  the  Kansas,  and  Lower  Missouri  sub- 
basins. In  none  of  these  subbasins  is  the  “made”  water  a 
significant  portion  of  the  water  supply  or  necessary  in  an 
overall  sense  to  the  planned  developments.  However,  in 
the  Platte-Niobrara  Subbasin,  the  “made”  water  is  very 
significant  to  the  framework  plan.  In  fact,  analysis  of  the 
Platte  River  apart  from  the  Niobrara  River  indicates  that 
the  estimated  depletions  in  the  1910-2020  period  exceed 
the  1910  water  supply  and  the  level  of  developments 
contemplated  can  be  achieved  only  through  utilization 
of  water  from,  primarily,  imports  and  precipitation 
management.  In  the  Western  Dakota  Subbasin,  the 
dependence  on  “made”  water  is  not  apparent,  but  the 
planned  developments  result  in  depletion  of  over  half 
the  water  supply,  an  unusually  higli  ratio  of  use  for  a 
multiple-stream  subbasin. 
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For  the  Miaouri  Basin  as  a whole,  depletions  during 
the  1910-^0  period  total  almost  22  million  acK-feet, 
about  37%  of  the  1910  water  supply.  This  magnitude  of 
water  use  maii'^ly  affects  the  services  provided  by  the 
main  stem  resi.'tvoirs  and  reduces  flow  levels  available 
along  the  Missouri  and  the  Mississippi  rivers. 

MI^URI  RIVER  MAIN  CTEM  RESERVOIR 
REGULATION  AT  FUTURE  DEVELOPMENT 
LEVELS 

The  Misouri  River  main  stem  reservmrs  were 
described  in  chapter  6 of  this  report.  This  description 
included  physical  characteristics,  storage  allocations, 
general  criteria  for  ^stem  regulation,  and  a summary  of 
accomplishments  of  the  reservoir  system  to  date.  Also 
included  was  a discussion  of  a 1970-level  regulation 
study  designed  to  evaluate  the  effects  of  operation  of  an 
initially  filled  reservoir  system  during  a long  period  of 
hydrologic  record  with  streamflows  depleted  by  the 
1970-level  projects. 

To  evaluate  the  effects  of  the  main  stem  reservoir 
system  at  future  development  levels,  1980-level, 
2000-level  and  2020-level  regulation  studies  were  made, 
similar  to  the  1970-level  study,  extending  through  the 
historical  record  period,  1898-1968.  The  results  of  these 


studies,  when  compared  with  the  1970-level  studies,  are 
indicative  cri*  the  effects  of  added  basin  development 
upon  the  bask  functions  of  the  main  stem  system  and 
upon  Missouri  River  streamflows  below  the  system. 

In  the  development  of  these  future  level  studies,  it 
was  necessary  to  estimate  the  effects  of  the  passage  of 
time  and  basin  development  upon  the  physical  character- 
istics of  the  reservoir  system  and  the  functional  require- 
ments of  the  system.  The  transport  of  sediment  into  the 
reservoirs,  and  its  accumulation  therein,  effectively 
reduces  the  storage  space  available  within  the  system  to 
serve  project  purposes.  The  estimated  annual  sediment 
inflow  to  each  of  the  main  stem  projects  is  given  in 
table  18.  It  was  assumed  that  this  sediment  would 
deposit  within  each  of  the  reservoirs  and  reduce  storage 
capacity  in  the  same  proportion  as  the  storage  contained 
within  any  specific  zone  is  related  to  the  total  storage  of 
the  reservoir.  It  was  further  assumed  that  storage 
requirements  for  specific  purposes  (flood  control,  etc.) 
would  be  reduced  with  continued  basin  development  at 
a rate  equal  to  the  sediment  depletion  of  each  of  these 
storage  zones,  resulting  in  pertinent  elevations  defining 
storage  zones  remaining  at  their  current  level.  A tabula- 
tion of  the  storage  allocations  assumed  for  these  studies 
is  given  in  table  36.  The  purpose  of  each  zone  is 
described  in  chapter  6. 


Table  36  - STORAGE  ALLOCATIONS  MISSOURI  RIVER  MAIN  STEM  RESERVOIR  SYSTEM 


Fort  Randall  | Gavins  Point  System 


m 


It  was  also  assumed  that  continued  operation  of  the 
reservoir  ^em  would  result  in  continued  d^adatkm 
below  three  of  the  main  stem  projects.  The  Garrison 
tailwater  was  assumed  to  lower  one  foot  from  the 
present  level  by  1980  with  an  additional  7 feet  occurring 
prior  to  2000,  then  holdii^t  through  2020.  At  Fwt 
Randall,  the  tailwater  was  assumed  to  lower  S feet  by 
1980,  an  additional  S feet  by  the  year  2000,  then 
stabilizing  through  2020.  Gavins  Point  tailwater  eleva- 
tion I foot  below  present  levels  was  assumed  by  1980 
with  an  additional  10  feet  of  drop  for  the  2000  and 
2020  studies.  No  change  from  present  levels  was 
assumed  below  Fort  Peck.  Oahe  and  Big  Bend. 

Conditions  and  objectives  of  the  future  level  regula- 
tion studies  were  similar  to  those  of  the  1970-lmel 
study,  with  consideration  given  to  the  planned  increase 
in  water  resource  developments.  Reach  boundaries  uti- 
lized, monthly  reservoir  evaporation  rates,  and  historical 
streamflow  for  the  1898-1968  period  were  identical  with 
the  1970  studies.  Adjustments  to  the  historical  flows 
were  made  to  recognize  the  basin  development  which 
has  actually  occurred  since  the  date  of  the  flows  and  also 
to  recognize  the  further  basin  development  which  is 
expected  to  occur  in  the  future  to  the  time  of  the 
development  level  under  consideration.  Month-by-month 
adjustments  for  the  level  under  study  were  obtained  by 
abbreviated  reservoir  regulation  studies,  similar  to  those 
described  in  chapter  6.  A portion  of  the  flood  control 
storage  space  that  is  planned  to  be  provided  in  the  new 
upstream  tributary  reservoirs  was  assumed  to  be  avail- 
able for  replacement  of  annual  flood  control  and 
multiple-use  space  in  the  main  stem  system,  thereby 
effectively  increasing  the  permissible  system  storage  at 
the  base  of  the  annual  flood  control  and  multiple-use 
zone  by  a corresponding  amount.  The  amount  of  this 
type  of  space  assumed  for  1980-level  studies  was 
1,200,000  acre-feet,  identical  to  that  considered  avail- 
able for  the  1970-level  studies.  The  amount  of  this  type 
of  space  available  was  assumed  to  be  2,200,000  acre-feet 
by  the  year  2000  and  2,600,000  acre-feet  by  2020. 

Powerplant  characteristics  with  limits  on  peaking  and 
generation  were  assumed  to  be  unchanged  from  those 
used  in  the  1970  studies.  Maximum  and  minimum 
release  limitations  were  also  identical  to  the  1970-level 
studies.  As  with  the  1970-level  .studies,  minimum  re- 
leases from  all  projects  above  Gavins  Point  were  assumed 
adequate  to  meet  water  quality  control  requiremeh  s in 
the  affected  downstream  reaches.  Releases  from  G.tvins 
Point  were  increased  when  necessary  to  meet  minimum 
water  quality  control  requirements  of  1 ,000  cfs  at  Sioux 
City.  3,000  cfs  at  Omaha  and  2,000  cfs  at  Kansas  City 
during  the  1980-level  studies,  respective  flows  of  l,00(), 

3., ‘iOO  and  3.000  cfs  for  the  2000-level  studies  and 

1 .000.  4.0(K)  and  4,(XK)  cfs  for  the  2020-level  .studies. 

Flow  requirements  for  navigation  below  thd  system 

were  assumed  to  be  similar  to  those  selected  for  the 


I9704evel  studies.  Shortening  of  the  navigation  seuon, 
when  necessary,  was  also  done  in  a similar  manner. 
A further  criterion  specified  that  navigation  season 
lengths  would  not  be  reduced  to  less  than  a 4-month 
duration.  If  storage  leveb  were  expected  to  fall- to  such 
an  extent  that- season  lengths  of  at  least  4 months  could 
not  be  supported,  navigation  would  be  discontinued 
until  such  time  sufficient  storage  had  again  been 
accumulated  to  provide  4-month  or  longer  navigation 
seasons. 

Regulation  criteria  for  flood  control,  the  release  of 
water  in  excess  of  navigation  requirements  as  a ston^ 
evacuation  measure,  and  the  selection  of  nav^tion  and 
non-navigation  system,  release  rates  were  similar  to  those 
utilized  for  the  i970^levd  studies  described  in  chapter 
6.  Rules  specifying  the  internal  regulation  of  the  system 
were  also  quite  similar  to  those  pven  for  the  1970-ldrel 
studies.  An  addition  was  that,  during  years  when  it  was 
not  possible  to  maintain  the  navigation  function  below 
the  system,  the  drawdown  of  Fort  Randall  would  not  be 
made.  Under  such  conditions,  releases  from  Big  Bend, 
Fort  Randall,  and  Gavins  Point  would  be  based  on 
passing  Oahe  releases  of  6,000  cfs  plus  incremental 
inflows  between  Oahe  and  the  affected  project. 

Long-range  reservoir  regulation  studies  of  this  type 
are  exceedingly  complex,  involving  the  development  of 
numerous  detailed  criteria  intended  to  regulate  each 
resets’oir  within  the  system  in  a reasonable  manner 
within  the  flamework  of  the  general  criteria  developed 
to  sustain  the  functions  for  which  the  system  was 
authorized.  These  criteria  must  be  applied  on  a month- 
by-month  (or  shorter  time  interval)  basis  through  the 
period  of  examined  record.  As  a consequence,  even  with 
the  maximum  practical  use  of  electronic  computers, 
limitations  on  the  time  and  effort  which  can  be 
expended  prohibit  a completely  exhaustive  investigation 
into  what  might  be  considered  the  optimunr  manner  of 
reservoir  regulation  for  each  of  the  development  levels 
under  consideration.  With  the  assumptions  which  are 
required  to  project  the  effects  of  basin  development  on 
future  flows,  such  an  exhaustive  investigation  probably 
would  serve  no  useful  purpose.  Therefore,  it  can  be 
considered  that  the  studies  which  have  been  made  are 
exploratory  in  nature,  but  present  both  qualitative  and 
reasonably  valid  quantitative  estimates  of  the  effects 
that  future  basin  development  will  have  upon  the 
functions  of  the  main  stem  .system  and  Missouri  River 
flows  below  the  system. 

Conclusions,  resulting  from  analyses  of  these  .studies, 
are  as  follow: 

a.  The  studies  dcmonstiute  that  for  all  basin  develop- 
ment levels  the  reservoir  system,  with  assigned 
flood  control  storage  capacities,  was  fully  effective 
for  flood  control  for  all  runoff  conditions  ex|)Cri- 
enced  during  the  1898-1968  period  of  record,  as 
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*>yuitid  fo  the  appt<y  late  Imb  of  basin  dev^ 
mrat.  A.rmnw  of  exidwive  flood  control  stofaie 
space  was  maintained  at  all  times;  In  addition, 
releases  from  mdMdual  projects  did  not  exceed 
their  respective  downstream  channel  capacities. 
Sioux  City  flows  were  at  dl  times  at  or  below  the 
level  permitted  by.  the  downstream  flood  poten- 
tial Under  l97(Mewel  conditions,  there  were 
30  months  during  the  1898-1968  record  period 
when,  due  to  the  downstrem  flood  potential, 
system  releases  had  to  be  reduced  below  the  levels 
which  would  be  indicated  for  storage  evacuation 
purposes  alone.  At  the  I9804evd  of  development, 
^steih  release  reductions  for  this  reason  were 
required  for  only  6 months  during  the  same  record 
.period,  while  at  the  2000-  and  2020-levels  no  such 
reductions  were  necessary. 

b.  SufTicient  releases  were  maintained  from  the  reser- 
voirs during  all  of  the  examined  levels  of  develop- 
ment to  meet  the  requirements  for  irrigation  from 
the  river  below  the  projects.  The  effects  of 
irrigation  projects  upon  inflows  into  the  system 
and  releases  from  the  system  were  ctMisidered 
throughout  the  studies.  Diversions  from  both 
Garrison  and  Oahe  reservoirs  for  irrigation  of  lands 
in  the  eastem  Dakotas,  at  appropriate  levels,  were 
considered  in  the  post- 1970  studies. 

c.  Navigation  flows  averaging  25,000  to  35,000  cfs  at 
Sioux  City  were  maintained  from  23  March 
throu^  22  November  to  provide  full  8-month 
service  to  navigation  for  66  years  of  the  7 1 -year 
study  of  the  1970-level  development.  With  the 
anticipated  1980-level  development  the  number  of 
years  during  the  7 1 -year  record  period  with  full 
length  navigation  seasons  was  reduced  to  61.  By 
the  year  2000,  full  length  navigation  seasons 
would  appear  practical  only  during  43  years  of  the 
record  period  and  this  number  is  further  reduced 
to  only  15  years  by  2020.  The  extreme  drought 
period  which  occurred  in  the  1930’$  resulted  in  a 
slight  decrease  of  navigation  season  lengths  during 
5 years  of  the  1970-level  study.  The  1980-level 
development  required  substantial  decreases  in  the 
navigation  season  lengths  for  9 years  of  the  1930 
drought.  In  addition,  at  this  level,  the  1961 
navigation  season  length  was  also  reduced  below 
the  full  service  level  as  a result  of  drought 
conditions  prevailing  prior  to  and  including  that 
year.  The  2000-level  of  development  was  accom- 
panied by  14  successive  years  during  the  1930 
drought  period  during  which  extreme  reductions 
to  the  navigation  season  length  were  made.  It  was 
necessary  to  completely  eliminate  navigation  re- 
leases for  one  year  of  this  period.  The  drought  of 
the  late  I950’s  and  early  1960’s  required  naviga- 
tion releases  for  the  2000-level  study  to  be  reduced 


froin  ftiU  service  levek  for  10  sucoesove  years 
whBe  short  term  defidencks  in  water  'supply 
outside  of  these  main  drought  periods  resulted  in 
sliortening  of  the  nangstiqn  season  during  4 other 
years.  By  the  year  2020,  the  effect  of  basin 
development  on  the  navigation  function  of  the 
system  becomes  extreme.  In  only  15  years  of  the 
71-year  period  of  record  was  it  possible  to  provide 
full  8-mmth  navigation  seasons.  It  was  necessary 
to  elimirute  navigation  entirely  for  1 1 t^r  jessive 
yean  of  the  1930  drought  and  for  2‘successive 
yean  of  the  drought  of  the  late  1950’s.  Shortened 
seasons  were  quite  common  through  the  entire 
record  period.  The  distribution  of  navigation 
season  Imgths  during  the  1898-1968  period  for 
eadi  of  the  examined  development  levels  is  shown 
by  the  following  tabulation: 


Season  LengA, 

Venn  Experienced  for  Indiatted 

Months 

Development  Level 

1970 

1980 

2900 

2020 

8.00 

66 

61 

43 

15 

7.75 

1 

3 

3 

7.50 

1 

2 

7.25 

1 

1 

7.00 

1 

3 

4 

6.75 

2 

1 

2 

5 

6.50 

2 

4 

6.25 

1 

4 

6.00 

5 

7 

5.75 

3 

1 

2 

5.50 

2 

2 

1 

5.25 

2 

5.00 

1 

1 

4.75 

1 

4.50 

4.25 

1 

2 

4.00 

7 

6 

0.00 

1 

13 

Total 

71 

71 

71 

71 

d.  Water  quality 

control  requirements  on 

the 

Missouri  River  were  met  throughout  the  study 
period  for  all  development  levels.  During  all  years 
with  full  8-month  navigation  seasons,  and  in  all 
years  while  navigation  releases  wero  being  made, 
releases  for  other  purposes  exceeded  the  water 
quality  control  requirements.  Additionally,  during 
those  years  when  navigation  was  eliminated  and 
system  releases  were  based  on  water  required  for 
power  peaking  operations,  they  were  generally 
sufficient  to  meet  the  water  quality  control 
requirements.  During  other  non-navigation 
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peiibds,  pieoeded  by  a iborteiied  navigatioa  tea- 
am,  theae  lequumienta  (and  water  intake  require- 
mnta)  cataUiriied  ayatem  ideaaea. 
e.  The  nameplate  power  rattaig  and  the  Deceiidier 
peakinf  capri>ility.at  the  end  of  the  fourth  year  of 
die  diou|ht  of  the  I930*a  were  aa  ahown  in  the 
following  table.  The  nuun  stem  hydroelectric 
capability  diowh  for  2020  repreaenta  about  one- 
thM  of  the  total  exiting  am  projected  hydro 
capacity  in  the  basin  at  that  time,  and  about  1-1/2 
percent  of  the  combined  thermal  and  hydro 
capacity  by.that  date  in  the  power  region. 


Nmupkte  December  1933  CqpeWMy 
Jtel*«  l,mKW 


!,9tOKW 

1979 

1999 

2999 

2929 

Fort  Peck 

165 

185 

179 

171 

176 

Garrison 

400 

399 

379 

405 

363 

Oahe 

595 

526 

488 

504 

421 

Big  Bend 

468 

538 

538 

538 

528 

Fort  Randall 

320 

277 

302 

335 

360 

Gavins  Point 

ipo 

66 

67 

77 

77 

2048 

1991 

1953 

2030 

1925 

The  preceding  table  indicates  that  future  develop- 
ment is  estimated  to  have  only  a minor  effect 
upon  the  peaking  capability  of  the  system  as  a 
whole.  Although  the  amount  of  system  storage  in 
December  1933  varied  from  41.9  million  acre-feet 
with  the  1970-development  level  to  37.3,  35.6, 
and  31.S  million  acre-feet,  respectively  for  I980-, 
2000-,  and  2020-develcpment  levels,  the  reduced 
storage  content  in  later  development  levels  is 
partially  compensated  for  by  the  deposition  of 
sediment  within  the  reservoirs,  which  causes  higher 
pool  levels  for  a given  storage.  In  addition,  the 
assumptions  regarding  tailwater  lowering  have  the 
effect  of  maintaining  comparable  peaking  capa- 
bility even  with  lowered  pool  levels.  The  apparent 
anomaly,  indicating  an  increase  in  the  peaking 
capability  from  the  1980-  to  the  2000-develop- 
ment level,  results  from  the  relatively  minor 
difference  in  system  storage  at  the  two  levels 
combined  with  the  assumptions  that  sediment 
would  accumulate  at  a normal- rate  through  the 
20-year  period  and  that  substantial  lowering  of 
tailwater  elevations  of  particular  projects  (as  des- 
cribed in  a preceding  paragraph)  would  occur 
during  the  period.  This  anomaly  could  have  been 
removed  by  modifying  the  2000-development  level 
reservoir  regulation  criteria  to  provide  somewhat 
better  service  to  navigation  and  power  in  the 
months  and  years  preceding  December  1933,  with 
a compensating  reduction  in  service  following  this 


date,  but  it  waa  itaaoued  that  the  reaihsoltiaiiied 
were  adequate  fora  franewotk  itiidy. 
f.  The  average  nwathlydiitiiwtioh  of  qrtton  energy 
for  the  entire  reco^  period  was  as  diawn  in  the 
fr^owing  table.  The  main  stem  energy  generation 
diown  for  2020  represents  about  one-fourth  of  the 
total  projected  hydroelectric  generation  in  the 
basin  and  about  I percent  of  the  total  energy  re- 
quirements by  that  date  in  the  power  region. 

>4neiqge  Cenewrien,  MtHemKWH 


1979 

1999 

2099 

2029 

March  16-31 

358 

330 

297 

232 

April 

724 

677 

610 

536 

May 

773 

733 

642 

555 

June 

742 

673 

600 

522 

July 

922 

805 

730 

631 

August 

958 

891 

789 

630 

September 

800 

739 

671 

550 

October 

802 

736 

635 

489 

November  1-15 

367 

332 

292 

220 

November  16-30 

390 

352 

309 

209 

December 

778 

722 

615 

431 

January 

720 

662 

561 

370 

February 

596 

552 

466 

308 

March  1-15 

300 

283 

248 

181 

Annual 

9230 

8487 

7465 

5864 

Salient  features  of  the  1970-level  study  were  pre- 
sented in  chapter  6 of  this  appendix.  Plates  33  through 
40  of  this  chapter  present  similar  features  of  the  1980-, 
2000-  and  2020-level  studies.  Annual  volumes  at  Sioux 
City  through  the  1898-1968  record  period  for  each  of 
the  development  levels  are  compared  with  similar 
volumes  at  the  approximate  1949  level  of  water  resource 
development,  uncontrolled  by  main  stem  reservoirs, 
illustrating  the  effects  of  the  development  including 
main  stem  regulation  upon  runoff  at  this  location. 
System  storage  at  the  appropriate  development  levels  is 
also  shown  on  these  plates,  and  is  compared  with  the 
1970-level  system  storage.  This  comparison  indicates  the 
estimated  effects  of  sedimentation  upon  the  zones 
containing  specific  types  of  storage  in  the  system,  as  weil 
as  the  effects  of  anticipated  water-resource  development. 
Also  shown  on  these  plates  are  the  services  provided  the 
functions  of  power  and  navigation  and  the  comparison 
of  the  increased  development  level  upon  these  services 
with  the  services  provided  at  the  1970-level.  Plate  40 
presents  flow-duration  curves  indicating  the  effects  of 
the  main  stem  system  and  the  development  of  water 
resources  at  selected  locations  below  the  main  stem 
system.  Detailed  results  of  these  studies,  month  by 
month,  through  the  1898-1968  record  peruxl,  as  well  as 
summari/ations  of  specific  elements  related  to  the 
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qrstem  or  projects  comprising  the  system  are  on  file  in 
the  Reservoir  Control  Ceiiter,  Missouri  River  Division, 
Corps  of  Ei^neers. 

The  **historic”  conditions  hydrographs  and  curves 
shown  on  (dates  36  and  40  represent  actual  flows  prior 


to  construction  of  the  main  stein  reservoirs.  Subsequent 
to  closure  of  these  reservoirs,  the  “historic”  curves  on 
the  referenced  plates  show  monthly  flows  as  they  would 
have  occuned  without  regulation  by  the  main  stem 
^stem. 
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